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ADVERTISEMENT. 


The,  Philosophy  of  ponderabk  matter^  which  forms  llie 
subject  of  this  volume,  under  the  heads  of 

Somatology,  Hydraulics, 

Dynamics^  Pneumatics, 

MedkamcSi  ^  and 

HydtostaUc9,  Acoustics, 

is  a  complete  subject  in  itself,  and  has  oft^n  been  published 
apart;  but  it  was  the  author's  intention  originally  to  have 
included  with  it,  in  one  thick  volume,  the  Philosophy 
also  of  imponderable  matter,  under  the  heads  of 
Caloric,  Electricity, 

Optics,  Magnetism, 

and  the  elements  of  Astronomy.  Of  this  second  part,  how- 
ever, he  now  finds  that  it  will  be  impossible  for  him  to 
superintend  the  printing  until  the  autumn.  It  consists  of 
nearly  three  hundred  pages,'  and  may  either  remain  as  a 
separate  volume,  or  be  bound  up  with  this  first  part. 

The  reader  of  this  volume  is  requested  to  correct  at 
once,  the  two  following  errata. 

At  page  487,  in  the  last  sentence  of  the  paragraph,  the 
words  "as  a  measure*'  are  wanting  after  the  word  "  how- 
ever;" and  the  whole  sentence  should  stand  after  the 
second  line  of  the  page. 

At  page  512,  the  following,  which  is  the  third  paragraph 
of  the  page,  has  been  accidentally  omitted. 

**  The  truth  explained  above,  that  no  kind  of  pump 
can  lift  fluid  through  pliant  tubes,  free  to  collapse,  like 
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die  veins,  renders  it  nnnecessary  to  speak  fkribeT  here  of 
die  pumping  action  of  the  heart,  insisted  on  by  Dr.  Carson, 
or  of  that  other  action,  mentioned  in  this  work  at  p.  543, 
to  which  also  he  attribates  great  inflnence,  viz.  the  ten- 
dexicy  towards  a  Tacnum  external  to  the  longs  and  around 
the  heart,  produced  by  the  disposidon  of  the  lungs  to 
collapse.  It  may  be  remarked,  however,  that  this  last 
influence  is  more  oonsiderable,  than  the  simple  in- 
spiratory acd<Hi  dwelt  cm  by  Dr.  Barry,  and  operates 
during  expirauon  nearly  as  much  as  during  inspiradon, 
varjring  in  force  with  the  d^rees  of  expansion  of  the 
chest.  It  is  weaker  in  the  living  than  in  the  dead  body, 
because  the  ri^di^  ot  the  distended  pulmonary  arteries 
helps  to  support  the  weight  of  the  lungs." 


INTRODUCTIOl^. 


Ifo  appreciate  the  imporutnce  of  Phvsics,  or  Natukal 
PHrLosoPHY,  as  an  object  of  study  to  medical  men,  in 
romnion  with  all  engaged  in  scientific  pursuit,  and  indeed, 
in  the  present  day,  with  all  who  pretend  to  a  liberal 
education,  we  must  take  a  rapid  glance  at  the  nature  of 
human  knowledge  generally,  and  at  its  bearings  on  the 
existing  condition  of  mankind.    We  shall  therefore  notice 

JJie  progressive  condition  of  mankind, 

Its  (kpendeTice  on  increase  of  knowledge; 

Mutual  dependence  of  the  branches  of  knoteledge ; 

Natural  order  of  study ; 

Importance  of  Physics. 
While  the  inferior  races  of  animals  seem  to  have 
changed  as  little  in  any  respect  since  the  beginning  of 
our  records,  as  the  trees  and  herbs  of  the  thickets  which 
give  many  of  them  shelter,  the  condition  of  man  has 
fluctuated,  and,  on  the  whole,  progressed  in  a  very  extra- 
ordinary manner.  The  inferior  animals  were  formed  by 
tlieir  Creator  such,  ibal  within  one  life  or  generation, 
they  should  attain  all  the  perfection  of  which  their  nature 
was  susceptible.  I'heir  wanu;  were  either  immediately 
provided  for,  as  the  clothing  of  feathers  to  the  birds,  and 
of  furs  to  quadrupeds;  or  were  so  few  and  simple,  that 
the  supply  was  easy  lo  very  limited  powers ;  and  in  a  few 
cases,  where  considerable  art  was  required,  as  by  the  bee 
in  making  its  honey-cell,  or  by  the  bird   in  constructing 


its  beautiful  nest,  n  pecnliar  aptitude  or  instinct  was  tie* 
stowed.  Thus  a  crocodile  which  issues  fram  its  egg  in  the 
warm  sand,  and  never  sees  its  parent,  becomes  as  perfect 
and  knowing  as  any  crocodile  that  has  lived  before,  or  that 
will  appear  after  it. — How  dilTerent  from  all  ihLs  is  the 
Etorj  of  man !  He  comes  into  the  world  the  most  helpless 
of  living  beings,  and  long  continues  so;  and  if  deserted 
by  parents  at  an  early  age,  so  that  he  can  learn  only 
what  individnol  experi«ice  may  teach  him,  as  to  a  few 
has  happened  who  have  afterwards  grown  to  maturity  m 
woods  and  deserts,  he  grows  up  in  some  respects  inferior 
to  the  nobler  bru4es.  Now  as  regards  manv  regions  of 
the  earth,  history  exhibits  the  early  human  inhabitants  in 
states  of  ignorance  and  barbarism,  which  civilized  men 
shudder  to  contemplate.  But  these  countries,  occupied 
formerly  by  stra^ling  hordes  of  miserable  savages, 
who  could  scarcely  defend  themselves  against  the  wild 
beasts  that  shared  the  woods  wIUi  them,  and  the  incle- 
mencies of  the  weatlier,  and  the  consequences  of  want 
and  fatigue,  and  who  lo  each  other  were  often  more 
dangerous  than  any  wild  beasts,  unceasingly  warring 
among  themselves,  and  destroying  each  other  with  every 
species  of  savage,  and  even  cannibal  cruelty — countries 
so  occupied  formerly,  are  now  become  the  abodes  of 
myriads  of  peaceful,  civilized,  and  friendly  men,  and 
the  desert  and  impenetrable  forest,  are  changed  into 
cultivated  fields,  rich  gardens,  and  magnificent  cities. 

Itis  the  strong  intellect  of  man  operating  with  thefacul^ 
of  language  as  a  means,  wliich  has  gradually  worked 
this  wonderful  change.  By  language  fathers  Lave  com- 
municated their  gathered  experience  to  their  children, 
and  tliese  to  succeeding  children,  with  new  accumulation ; 
and  when,  after  many  generations,  the  precious  store  had 
grown  until  iiimple  memory  could  retain  no  more,  the 
arts  of  writing,  and  then  of  printing  arose,  making  lan- 
guage visible  and  permanent,  and  enlarging  iilimitably 
the  receptacles  of  knowledge.  Language  thiis,  at  the 
present  moment  of  the  world's  existence,  may  be  said  to 
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bud  the  whole  huniRn  race  of  tincounted  niiUtoiis  into 
Hie  gigantic  rational  beinfi;,  whose  memory  reaches  to  the 
beginnings  of  written  records,  and  retuins  imperishably 
the  events  that  have  occurred ;  whose  judgment,  analyz- 
ing the  treasures  of  memory,  has  discovered  many  of  the 
kublime  and  unchanging  laws  of  nature,  and  has  built  on 
Utem  all  tlie  arts  of  life,  and  through  them  piercing  far 
ioto  futurity,  sees  clearly  events  that  are  to  come;  and 
whose  eyes  and  ears  and  observant  mind  are  at  this 
inoment,  in  every  corner  of  the  earth,  watching  and 
'recording  new  phenomena,  for  tiie  purpose  of  still  better 
eomprehending  the  magnificence  and  beautiful  order  of 
creation,  and  of  more  worthily  adoring  its  beneficent 
Attthor. 

It  might  be  very  interesting  to  shew  here,  in  detiul, 
how  the    arts   and  civilization    have    progressed    in    ac- 
tcordance  with  the  gradual  increase  of  man's  knowledge 
f  .ol'  the  universe ;  but  it  would  lead  us  too  far  from  our 
Uiain  subject.     We  deem  it  right,  however,  to  make  evi- 
dent to  the  student  the  arousing  tnilhs,  that  the  prt^ess 
IB  not  yet  at  an  end ;   that  it  has  been  vastly  more  rapid 
in  recent  limes  than  ever;  and  that  it  seems  still  proceed- 
ing with  increasing  speed  : — and  we  know  not  where  the 
Creator  has  lixed   the  limit  of  tlie  change !     Although 
i^Kre  are  thousands  of  years  in  the  records  of  the  world, 
Ipr  Bacon,  who  first  taught  the  true  way  to  investigate 
lature,  lived  but  the  other  day.     Newton  followed  him, 
Sid  illustrated  his  precepts  by  the  most  sublime  discoveries 
e  man  has  ever  made.     Harvey  detected  the  cir- 
ftjOUlation  of  the  blood  only  two  hundred  years  ago.    Adam 
'   43mitii,  Dr.  Black,  and  James  Watt  were  friends;  and 
fbe  last,  whose  steam-engines  are  now  changing  the  rela- 
tions of  empires,  is  scarcely  cold  in  his  grave.     John 
HuMTBR  died  not  long  ago ;  and  Herschell's  account  of 
the  newly-discovered  planets  and  structure  of  the  heavens, 
ftre  in  the  late  numbers  of  our  scientific  journals. — And 
these  illustrious  Britons  have  worthy  successors  treadhig 
in  tbeir  n^s.     On  the  continent  of  Europe,  during  the 
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SRiiie  period,  a  correBpunding  constellation  of  genius  liaii 
shone;  and  living  Laplace  is  the  bright  star  that  cobt 
nects  the  past  with  the  future. 

But  there  is  a  change  taking  place  in  the  world,  con- 
nected closely  with  the  progress  of  science,  yet  distinct 
from  it,  and  loore  important  than  half  of  the  scientific 
discoveries; — ^it  is  the  diffuiion  of  huncledge  among  llie 
mass  of  mankind.  Formerly  knowledge  was  shut  up 
in  convents  aud  universities,  and  in  books  written  in  the 
dead  languages ;  or,  if  in  the  living  languages,  they  were 
so  abstruse  and  artificial,  that  only  a  few  persons  had  access 
to  their  meaning: — and  thus,  considering  the  human  race 
OS  one  great  intellectual  creature,  a  small  fraction  only  of 
its  intellect  was  allowed  to  come  into  contact  with  science, 
and  therefore  into  activity;  and  that  fraction  was  oflen 
rendered  indolent,  because  left  without  sufficient  motive 
to  e,xertion.  The  progress  of  science  in  those  times  was 
correspondingly  slow.  Now,  however,  the  strong  barriers 
which  confined  the  stores  of  wisdom  have  been  thrown 
down,  and  a  Qood  overspreads  the  earth ;  old  establish- 
ments are  beginning  to  adapt  themselves  to  the  spirit  of 
the  age;  new  establishments  are  arising;  the  inferior 
schools  are  introducing  improved  systems  of  instruction; 
and  good  books  are  rendering  every  man's  fire-side  a 
school.  From  all  these  causes  there  is  growing  up  an 
enlightened  public  opinion,  which  quickens  and  directs 
the  progress  of  every  art  and  science,  and  which,  through 
the  medium  of  a  free  press,  although  overlooked  by  many, 
is  now  rapidly  becoming  the  governing  inSuence  in  the 
world  with  respect  to  all  the  great  interests  of  humanity. 
In  Great  Britain  the  progress  of  enlightened  public 
opinion  has  been  more  decided  than  in  any  other  state. 
The  early  consequences  were  more  free  political  institu- 
tions ;  and  these  have  been  followed  by  greater  and 
greater  improvements,  until  Britain  is  become  truly  the 
Queen  of  the  Nations.  A  noble  colony  of  her  children, 
imbued  with  her  spirit,  now  occupies  a  magnificent  terri- 
tory in  the  new  world  of  Columbus;  and  although  It  has 
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been  intlf^ndent  os  yet  for  only  half  a  century,  it  has 
already  more  people  tlmit  Spain,  and  promises  soon  to 
be  second  to  no  nation  on  earth.  The  example  of  the 
United  English  States  has  aided  in  rendering  the  Ameri- 
can hemisphere  the  cradle  of  many  other  gigantic  states, 
all  free  and  following  the  same  steps.  In  the  still  more  re- 
cently discovered  continent  of  Australasia,  which  is  larger 
than  Europe,  and  empty  of  men,  colonization  is  spread- 
ing with  a  rapidity  never  before  witnessed,  and  that 
beautiful  and  rich  portion  of  the  earth  will  also  soon  be 
covered  with  the  descendants  of  free-born  and  enlightened 
^Englishmen.  From  thence  still  onward,  they  or  their 
institutions  will  naturally  spread  over  tlie  vast  archipelago 
of  the  Pacific  Oceap,  a  track  studded  with  islands  of  para- 
dise.— Such,  then,  is  the  extraordinary  moment  of  revo- 
lution or  transit,  in  which  the  world  at  present  exists  ! — 
And  where,  we  may  ask  again,  has  the  Creator  predes- 
lioed  that  the  progress  shall  cease? — Thus  far,  at  least, 
we  know,  that  he  has  made  our  hearts  rejoice  to  see  the 
world  filling  with  happy  liuman  beings,  and  Lo  observe 
that  the  increase  of  the  sciences  can  make  the  same  spot 
maintain  tliousands  in  comfort,  where  with  ignorance  even 
hundreds  had  found  but  a  scanty  supply. 


The  progress  of  knowledge  which  has  thus  led  from 
former  barbarism  to  present  civilization,  has  gone  on  by 
steps,  which  it  is  easy  to  point  out ;  and  it  is  very  useful 
to  consider  these,  because  we  thereby  discover  the  rela- 
tions and  importance  of  the  different  branches  of  know- 
ledge; and  we  obtain  great  facilities  for  studying  science, 
and  for  quickening  its  farther  progress. 

The  human  mind,  when  originally  directed  to  the 
almost  infinity  of  objecia  in  the  universe  around  it,  must 
soon  have  discovered  that  there  were  resemblances  among 
tbein;  in  other  words,  that  the  infinity  was  only  a  repe- 
tition of  a  certain  number  of  kinds,  and  that  by  studying 
carefully  an  exemplar  of  each  kind,  the  limited  power  of 
memory  might  acquire  a  tolerably -correct  knowledge  of 
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the  wbole.  Now  as  this  knowieilge  enabled  persons  more 
eiuily  to  obtain  what  was  useful  to  them,  and  to  avoid 
what  was  prejudicial],  the  desire  to  possess  it  must  have 
arisen  with  the  first  exercise  of  reason.  Ttie  labour  of 
^es  has  at  last  produced  nearly  a  complete  arrangement 
of  all  the  constituent  materioLi  of  the  universe,  under 
three  great  classes  of  Minerals,  Vegetabi^s,  and 
AdiMiLS.  These  classes  are  commonly  called  the  Ibree 
iatgdoms  of  nature,  and  the  minute  description  of  the 
individual  objects  constitutes  Natural  History. — A 
complete  museum  of  natural  history  may  contain  a 
specimen  of  almost  every  object  included  in  these  classes, 
so  that  a  student  within  the  limits  of  a  common  garden 
may  be  able,  as  it  were,  to  examine  the  whole  of  the 
material  universe. 

While  man  was  examining  ihejbrms  and  other  quali- 
ties of  ilie  bodies  around  him,  he  could  not  avoid  noticing 
also  the  vuytions  or  changes  going  on  among  them ;  and 
here,  too,  he  would  soon  moke  the  grand  discovery,  that 
there  were  resemblances  in  the  multitude-  Self-intereiit) 
as  in  the  case  of  the  bodies  themselves,  would  prompt  to 
careful  classification;  and  in  the  present  day,  as  the 
result  of  countless  observations  and  experiments  made 
through  the  series  of  ages,  we  are  enabled  to  say,  that  aU 
the  fuotioHg,  or  changes^  or  ^Ae«o»;«na  (words  synonimons 
here)  of  the  universe,  are  merely  a  repetition  and  mixture 
of  a  few  simple  manners  or  kinds  of  motion,  which  are  as 
constant  and  regidar  in  every  case,  as  wfiere  they  produce 
the  unvarying  returns  of  day  and  night,  and  of  the 
seasons.  All  these  phenomena  are  referrible  to  four  dis- 
tinct classes,  which  we  call  Physical,  Chemical,  Vital,  and 
Mental.  The  simple  expressions  which  describe  them  are 
denominated  The  Laws  of  Nature,  and  as  a  body  of 
knowledge,  they  constitute  what  is  called  Science  or 
Philobophy,  in  contra-distincdoii  to  Natural  History, 
already  described.  Natnral  Hi^ory  and  Science  make  up 
the  whole  sum  of  our  knowledge  of  nature. 

To  exemplify  the  process  by  which  man  discovers  a 


general  law  of  nature,  We  shall  speak  of  the  physical  law 
of  gravity  or  attraction :  1st.  It  was  observed  that  bodies 
raised  from  the  earth,  and  left  unsupporietl,  fell  down; 
2d.  That  flame,  smoke,  clouds,  or  vapours,  when  left  free, 
ascended  away  from  the  earth; — it  was  supposed,  there- 
fore, to  be  a  very  general  law,  that  things  hfiA  weight; 
but  that  there  were  exceptions  in  such  matters  as  now 
mentioned,  which  were  in  their  nature  light  or  ascending. 
3d.  Il  was  discovered  that  our  globe  of  earth  is  surrounded 
by  an  ocean  of  air,  of  which  a  cubic  foot  taken  near  the 
enrface  of  the  earth,  weighs  about  an  ounce;  and  it  was 
then  perceived  that  flame,  smoke,  vapoui-,  &c.  rise  in  the 
air  lor  the  same  reason  that  oil  rises  in  water,  viz.  because 
lighter  than  the  fluid  by  which  tliey  are  surrounded;  and 
therefore,  that  nothing  was  known  on  earth  naturally  light, 
in  the  ancient  sense  of  the  word,  4th,  It  was  found  tliat 
bodies  floating  in  water  near  to  each  other,  approached 
and  feebly  cohered;  that  any  contiguous  hanging  bodies 
were  drawn  towards  each  other,  so  as  not  to  hang  quite 
perpendicularly;  that  a  plummet  suspended  near  a  hill 
was  drawn  towards  tlie  hill,  and  with  force  just  so  much 
less  than  the  whole  weight  of  the  plummet,  as  the  hill  was 
smaller  than  the  earth.  It  was  thus  proved  that  weight 
itseli'  is  only  an  instance  of  a  more  general  law  of  mutual 
attraction,  operating  between  all  the  constituent  elements 
of  this  globe:  and  which  is  the  cause  of  the  rotundity 
of  the  globe,  all  the  parts  being  drawn  towards  a  com- 
mon centre,  as  also  of  the  forjn  of  dew-drops,  rain- 
drops, globules  of  mercury,  shot-lead,  and  of  many  other 
thuigs.  5lh.  But  it  was  farther  observed,  that  all  the 
heavenly  bodies  are  round,  and  must,  therefore,  consist 
of  material  obeying  the  same  law.  And  lastly,  that  these 
bodies,  however  distant,  attract  each  other ;  for  that  the 
tides  of  our  ocean  rise  in  obedience  to  the  attraction 
of  the  moon,  and  become  high  or  spring-Hdes,  when  the 
moon  and  sun  operate  in  the  same  direction.  Thus 
the  sublime  truth  was  at  last  made  evident,  and  by  tlie 
genius  of  the  immortal  Newton,   that  attraction   is  the 
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power  which  connects  together  the  bodies  of  our  solaV 
system,  at  least,  and  probably  is  llniiteii  only  by  the 
bounds  of  the  universe. 

Who  can  but  admire  that  the  human  mind  should  have 
power  to  discover  in  such  variety  and  apparent  opposition 
of  facts  the  operation  of  a  single  principle !  The  process 
of  analysing  facts,  whether  learned  by  mere  observation,  or 
by  contrived  experiment,  so  as  to  deduce  from  thera  the 
general  circumstance  in  which  they  resemble,  is  called 
the  method  of  philosophising  by  induclion  ;  and  such  cir- 
cumstance is  tlie  truth  or  law  under  which  the  facts  are 
lo  be  classed.  All  the  knowledge  of  the  course  of  nature 
which  the  human  mind  acquires  during  the  progress  from 
infancy  to  the  commencement  of  methodical  study,  is 
obtained  by  this  process,  and  it  is  one  therefore  which 
the  mind  naturally  adopts.  But  there  was  required  the 
power  of  one  of  the  strongest  intellects  which  has  graced 
the  world,  that  of  Bacon,  to  prove  that  it  is  only  the 
same  process  carried  further,  which  can  lead  to  the 
higher  objects  of  pliilosophy.  The  error  of  another 
powerful  intellect,  that  of  Aristotle,  who  preferred 
rupposing  what  the  laws  of  nature  should  be  (that  is  to 
say,  forming  hypotlicsea),  and  would  then  see  only  such 
facts  as  squared  with  his  hypotheses,  had  kept  the  mind  of 
the  human  i-ace  in  darkness  and  slavery  for  two  thousand 
years. 

Acquaintance  with  the  laws  of  nature  has  been  very 
slowly  obtained,  owing  to  tliat  complicacy  of  ordinary 
phenomena,  which  is  produced  by  several  laws  operat- 
ing togetlier,  and  under  great  variety  of  circumstance. 
With  respect  to  many  laws  of  Chemistry  and  Life,  men 
seem  to  be  yet  little  further  advanced,  than  they  were 
with  respect  to  the  physical  law  of  attraction,  when  they 
knew  only  tliat  heavy  things  fell  to  the  earth.  But  we 
have  learned  enough  to  perceive  that  the  great  universe 
is  as  simple  and  harmonious,  as  it  is  immense;  and  thai 
the  Creator,  instead  of  interposing  separately,  or  mira- 
culously, in  the  common  sense  of  the  word,  to  produce 
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every  distinct  phenumenon,  lias  w!Ut:d  that  all  slioukl 
proceed  according  to  a  few  general  laws.  — Tliere  is 
nothing  in  nature  so  truly  miraculous  and  adorable,  as 
tbat  tKe  endless  and  beneficent  variety  of  results  which 
we  see  should  spring  from  such  simple  elements.  In 
times  of  ignorance  men  naturally  attributed  every  occur- 
rence which  they  did  not  understand,  that  is  to  say, 
which  they  could  not  refer  to  a  general  law,  to  a  direct 
interferetice  of  supreme  power.  And  thus  for  many  ages, 
and  among  some  nations  still,  eclipses,  and  earthquakes, 
and  many  diseases,  particularly  those  of  the  mind,  and 
the  winds  and  weather,  were  or  are  accounted  miraculous. 
Hence  arose  aniong  heathens  tlie  barbarous  sacrifices  for 
propitiating  or  appeasing  tlieir  offended  deities.  Tliey 
had  not  yet  risen  to  the  subhme  conception  of  one  God, 
who  said,  "  Let  there  be  light,"  and  it  was  so;  and  who 
also  gave  to  the  whole  of  nature  permanent  laws,  which 
be  allows  men  to  discover  for  the  direction  of  their  con- 
duct in  life, — laws  so  unchanging,  that  men  can  calculate 
eclipses  backward  or  forward  for  thousands  of  years, 
without  erring  by  one  beat  of  a  pendulum ;  and  as  their 
knowledge  of  nature  advances,  they  can  anticipate 
and  explain  other  events  with  equal  precision.  Even 
the  wind  and  the  rain,  which,  in  common  speech,  are 
the  types  of  uncertainty  and  change,  obey  laws  as  fixed 
as  those  of  the  sun  and  moon;  and  already,  as  regards 
many  parts  of  the  eartli,  men  can  foretel  these  without 
fear  of  being  belied.  They  plan  their  voyages  to  suit  tlie 
coming  monsoons,  and  they  prepare  against  the  floods  of 
the  rainy  seasons. 

He  who  understands  the  laws  of  nature,  even  in  the 
degree  in  which  men  now  know  them,  has  such  clear 
prescience  of  the  future,  and  of  the  effects  which  will 
arise  from  certain  causes,  tlmt,  in  many  cases,  he  can 
interpose  and  control  events  to  answer  his  private  ends. 
To  a  certain  extent  he  thus  commands  nature,  and,  as  ex- 
pressed in  the  langu^e  of  Lord  Bacon,  "  his  knowledge 
is  power."     Again,    as    all    single    material  objects    and 
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states  of  objects  iH  llie  universe,  are  resnlu  of  antecetleiit 
operation  of  the  laws  of  change,  a  man  who  first  studies 
the  laws,  knows  befi>re>hand  Iti  great  part  tlie  objects 
which  he  will  meet  with  in  examioing  nature,  and  he  thtiK 
most  remarkably  diminishes  the  labour  of  studying  natural 
history.  He  seems  to  learn  by  intuition.  A  well-informed 
man  of  the  present  day,  may  be  said  to  possess,  within 
the  boundaries  of  his  mind,  the  universe  in  miniature,  in 
which  he  may  contemplate  at  leisure  past  events,  and  the 
present,  and  the  future.  But  let  him  not  be  misled  by 
the  pride  of  reason,  which  naturally  arises  from  such 
considerations.  All  his  calculations  are  yet  founded  on 
an  assumption,  that  the  laws  of  nature,  as  understood 
by  him,  have  not  changed,  and  will  not  change.  Now, 
although  thousRnds  of  years  give  countenance  to  the 
assumption,  these  thousands  are  still  less  to  a  past  and  a 
coming  eternity,  than  the  mid-day  hour,  which  is  an  ani- 
malcule's life,  to  rolling  ages — an  animalcule  which  cannot 
know  the  morning,  nor  the  evening,  nor  spring,  nor 
winter. — Man,  it  is  true,  can  foretel  the  change  of  day, 
and  of  season,  and  the  coming  of  remote  eclipses:  but 
rfie  mountains  of  the  earth  are  daily  diminishing  by  the 
action  of  winds,  and  rains  and  other  unremitting  causes, 
and  the  depths  of  the  ocean  are  thereby  filling  up ; 
and  stars  whicli  his  forefathers  beheld  bright  in  the 
firmament,  are  now  dim,  or  have  disappeared; — awful 
changes,  of  which  his  knowledge,  founded  on  compara- 
tively short  experience,  can  tell  him  neither  the  beginning 
nor  the  end ! 

The  general  laws  of  nature,  as  stated  above,  are  divi- 
sible into  those  of,  1st  Phy^cs,  often  called  Natural 
Philosophy;  2d.  of  Chemistry;  3d.  of  Life,  commonly 
called  Physiology;  and,  4th.  o^  Mind:  and  the  four 
classes  may  be  said  to  form  the  pyramid  of  Science,  with 
Physics  for  the  base;  and  the  others  succeeding  in  the  order 
now  mentioned,  and  having  certain  mutual  relations 
figured  by  the  parts  of  a  pyramid. 

Physiai. — The  laws  of  Physics  govern  every  pheho- 
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'iienon  of  nature  in  which  there  is  any  sensible  change 
ol'  plttce,  and  they  are  themselves  the  sole  causes  af  the 
greater  part  of  all  tlie  phenomena.  They  regubUe  also 
those  which  originate  From  chemical  action,  and  from  the 
action  of  life,^ — ^The  great  Physical  truths  are  now  reduced 
to  four,  and  are  referred  to  by  the  words  atom,  attraction, 
repaiaion,  and  inertia.  Il  gives  an  astonishing,  but  true 
idea  of  the  nature  and  importance  of  metliodical  Scientx, 
to  be  told  that  a  man,  who  understands  these  words,  viz. 
how  the  atoms  of  matter  attract,  atid  cling  together  tu  form 
masses,  which  are  solid,  liquid,  or  aeriform,  according  to 
the  quantity  of  repelling  heat  among  them,  and  which, 
owing  to  their  inertia  or  sluhbornneKs,  gain  and  lose 
motion,  in  exact  proportion  to  the  force  of  attraction 
or  repulsion  acting  on  them,  understands  the  greater 
part  of  the  phenomena  of  nature ;  but  such  is  the  fact ! 
Solid  bodies,  existing  in  conformity  with  tbese  truths, 
exhibit  all  the  phenomena  of  Mechanics;  Liquids  exhibit 
those  of  Hydrostatics  and  Hydraulics;  Airs,  those  of 
Prteymatics ;  and  so  forth,  aE  seen  in  the  table  of  heads 
below,  page  xix.  And  the  whole  of  this  volume  is 
merely  a  list  of  the  most  interesting  physical  phenomena, 
arranged  in  clasues  under  these  heads. 

Chemistry. — Had  there  been  only  one  kind  of  substance 
or  matter  in  the  universe,  the  laws  of  Physics  would 
have  explained  all  tlie  phenomena;  but  there  arc  trow, 
and  suiphur,  and  charcoal,  and  about  fiily  otliers,  which 
to  the  present  state  of  science,  appear  esBentially  distinct. 
Now  tliese,  taken  singly,  obey  the  laws  of  Physics;  but, 
if  iron  and  sulphur  be  brought  together  and  healed, 
tbey  disappear  an  individuals,  and  unite  into  a  new  mass, 
which  in  most  of  its  properties  is  unlike  to  either.  Under 
new  circumstances,  the  two  substances  will  again  separate, 
and  assume  their  original  forms.  Such  changes  are  called 
chemical,  but  during  them,  the  substances  are  not  at  all 
withdrawn  from  the  influence  of  the  physical  laws: — 
their  weight  or  inertia,  for  uistance,  is  not  altered. 
MaUy  chemical   changes   are  immediately   followed   by 
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physical  changes,  as  when  the  new  chemical  arrangi?inent 
produced  wnong  the  intimate  atoms  of  gunpowder  by 
heat,  causes  the  physical  motion  of  the  sudden  expansion 
or  explosion.  And  all  the  manipulations  of  Chemistry, 
as  tile  transferring  of  gases  from  vessel  to  vessel,  the 
weighing  of  bodies,  pounding,  grinding,  &c.  ai'e  directed 
by  Plipics  alone.  Chemistry  is  truly,  then,  as  figured 
above,  a  superstructure  on  Physics,  and  cannot  be  undei^ 
stood  or  practised  by  a  person  ignorant  of  Physics.  The 
chief  objects  of  study  which  depend  on  Chemical,  in  con- 
junction with  Physical  laws,  are  enumerated  in  the  table 
below,  under  the  head  of  CHEMiSTnY. 

LiJK. — The  most  complicated  state  in  which  rnaltei" 
exists,  is  where,  under  the  influence  of  life,  it  forms 
bodies  with  a  curious  internal  structure  of  tubes  an 
cavities,  in  which  fluids  are  moving  and  producing  in- 
cessant internal  change.  These  are  called  Organised 
Bodies,  because  of  the  various  organs  which  they  contain ; 
and  they  form  two  remarkable  classes,  the  individuals  of 
one  of  which  are  fixed  to  the  soil,  and  are  called  Vrgeta- 
hUs;  and  of  the  other,  are  endowed  with  power  of  loco- 
motion, and  are  called  Animala.  The  phenomena  of 
I  growth,  decay,  death,  sensation,  self-motion,  and  many 
others  belong  to  life,  but  from  occurring  all  in  material 
Structures  which  subsist  in  obedience  to  the  laws  of 
\  physics  and  chemistry,  the  life  may  be  considered  as  a 
superstructure  on  the  other  two,  and  cannot  be  studied 
independently  of  them.  The  phenomena  of  life,  from 
thus  involving  generally  the  agency  of  all  the  sets  of  laws, 
(ore  by  far  the  most  complex  of  any ;  and  the  discovery 
[  or  detection  of  the  peculiar  laws  of  life,  although  these 
are  as  fixed  as  the  laws  of  physics  or  chemistry,  has 
lieen  very  slow,  and  is  as  yet  fur  from  being  completed. 
We  cannot  as  yet  explain  why  the  individuals  of  animal 
laid  vegetable  classes  live  only  for  a  limited  time;  why 
I  of^ring  inherit  peculiarities  of  health  or  disease  Irom 
Uie  parents;  why  the  villous  species  continue  distinct, 
&C.  &c.     But  many   powerful  minds  at  the  present  day, 
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pftiticularly  among  medical  men,  whom  k  chiefly  ooQ- 
cems,  are  directed  to  the  subject,  and  important  results 
may  be  looked  for.  A  vast  number  of  faots  have  now 
been  carefully  observed  and  recorded,  and  to  a  certain 
degree,  have  been  classified ;  and  perhaps  soiri'e  master 
genius  may  soon  arise,  to  shew  that  a  very  few  simple 
truths  connect  the  whole,  ^ls  Newton  shewed  with  respect 
to  the  inferior  classifications  in  physics,  when  he  detected 
the  general  laws  of  inertia  and  gramty.  The  Science  of 
Ltfe  is  divided  into  animal  and  vegetable  Physiology. 

Mind, — The  most  important  part  of  all  science,  is  the 
knowledge  which  man  has  obtained  of  the  laws  whic^ 
govern  the  operations  of  his  own  mind.     This  depart* 
fnent  stands  eminently  distinct  from  the  others,  on  several 
accounts.    Unlike  that  of  organic  life,  which  could  not  be 
understood  until  physics   and  chemistry  bad  been  pre- 
viously investigated,  this  attained  extraordinary  perfectioii 
in  a  very  early  age,  when  the  others  had  scarcely  begim 
to  exist.      We  need  only  refer  to  the  writings  of  the 
Greek  philosophers,  in  proof  of  the  assertion.     The  bril- 
liant discoveries,  however,  were  reserved  for  the  moderns, 
as  will  occur  to  most  readers,  on  perusing  in  the  table 
below  the  divisions  of  the  subject,  and  recollecting  the 
honoured  names  which  are  now  associated  with  each.     It 
is  truly  admirable  to  see  the  modern  analysis  deducing 
from  a  few  simple   laws  of  mind,    all   the  subordinate 
departments,  just  as  it  deduces  mechanics,  hydrostatics, 
&C.,  from  the  laws  of  physics. — It  is  to  be  remarked,  that 
the  laws  of  mind  which  man  can  discover  by  reason,  are 
not  laws  of  independent  mind,  but  of  mind  in  connexion 
with  body  and  influenced  by  the  bodily  condition.     It 
has  been  believed  by  many,    that  the  nature  of  mind 
separate  from  body,  is  to  be  at  once  all-knowing  and 
intelligent.     But  mind  connected  with   body,  can   only 
acquire  knowledge  slowly,  through  the  bodily  organs  cf 
sense,   and   more  or  less  perfectly,   according  as  these 
organs  and  the  central  brain  are  perfect.    A  human  being 
bom  hUnd  and  deaf,  and  therefore,  remaining  dumb,  as 
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in  ihe  extriutrdinary  case  of  tlie  boy  Mitcliell,  whicli  ex- 
cited so  much  attention  Eome  years  ago,  grows  up  to 
resemble  an  aiitoniaton :  and  an  originally  mis-shapen  or 
deficient  brain  causes  idiocy  for  lite.  Childhood,  maturity, 
dotage,  wliich  have  ..cli  differences  of  bodily  powers, 
have  corresponding  dl^rences  of  mental  faculty ;  and  as 
no  two  bodies,  so  no  tnD  minds  as  manifested  externally, 
are  quite  alike.  Fever  or  a  blow  on  tlie  head  will  change 
the  most  gifted  inttividuid  into  a  maniac;  and  most  cases 
of  madness  and  of  eccentricity  can  now  be  traced  to  a 
peculiar  state  of  the  brain. — Man  has  a  conviction 
inseparable  from  his  very  being,  that  his  soul  is  some- 
thing distinct  from  his  body,  and  awaiting  other  destinies : 
but,  independently  of  Revelation,  his  notions  on  the 
subject  remain  very  vague,  as  is  shewn  in  the  laborious 
reasonings  of  the  ancient  heathen  philosophers. 

Quantity. — IMany  of  the  tacts  and  laws  of  physics, 
I  chemistry,  and  lite  are  expressed  in  terms  of  quantity, 
as  when  we  say,  lli/t.  ihe  force  of  attraction  between  two 
bodies  diminishes  iii  a  certain  proportion,  as  their  distance 
increases.  Hence  arises  the  necessity  of  having  a  set  of 
fixed  measures  or  standards,  with  which  to  compare  all 
"Other  quantities.  Such  measures  have  been  adopted ; 
and  the  rules  for  applying  them  to  all  possible  cases,  and 
for  comparing  alt  kinds  of  quantities  with  each  other,  con- 
stitute u  body  of  science,  called  the  Science  of  QtuaUih/, 
or  Mathematics.  It  may  be  considered  as  a  fifth  and 
supplemenlsry  department  of  human  science.  Some  of 
its  subdivisions  are  noted  in  the  table  below. 

Supposing  description,  or  Natural  History  to  be 
studied  along  with  the  different  parts  of  ilie  System  of 
Science  sketched  in  the  table,  there  will  he  included  the 
whole  knowledge  of  the  universe  which  man  can  acquire 
by  the  exercise  of  his  own  powers ;  that  is  to  say,  which 
he  can  acqtdre  independently  of  Rerelation.  And  all  bis 
mrts  are  founded  on  this  knowledge — some  of  them  on  a 
tingle  part,  as  Physics,  some  on  two  or  more  parts.  The 
art  of  luedieine  requires  a  comprehenMve  knowledge  of 
the  whole. 
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TABLE  OF  SCIENCE. 

1.    PitTSICSo 

2.  Chemistry. 

Mechanics, 

Simple  Substances, 

Hydrostatics, 

Mineralogy, 

tiydraitiics. 

Oeology, 

Paeiunatics, 

Pharmacy, 

Acoustics, 

.Brewing, 

Optics, 

1 

Dyeing, 

Electricity, 

Tanning, 

Astronomy, 

&c. 

Sec. 

1 

4.  Minh. 

S.  Lips. 

Intellect^ 

regHable  Phenology, 

Reasoning, 

Botany, 

Logic, 

Horticulture, 

Language, 

Agriculture, 

Education, 

&c. 

i 

Sec. 
Active  Powers, 

Jbnmal  Phtfiioiogy, 

I 

Emotions  and  Passions, 

Zoology, 

Justice, 

Anatomy, 

Morals, 

Pathology, 

Government, 

Medicine, 

Political  Economy, 

ibc 

Ac. 
Natural  Thetdogym 

5.  ScisMCE  OF  Qdavtity. 

• 

Arithmetic, 

' 

Algebra, 

Geometry, 

&c 

• 

From  the  mutual  dependence  of  the  diiFerent  sciences, 
as  explained  in  the  preceding  paragraphs,  it  follows,  that 
^  The  Table  **  exhibits  the  order  in  which  they  should  be 
methodically  studied,  so  as  to  prevent  repetitions  and 
a&ticipations,  and  to  diminish  as  much  as  possible  the 
labour  oi  aoquirem^t. 

Ev^rjF  man  may  be  said  to  begin  his  education,  or 
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arquisitjon  of  knowledge,  on  t!ie  day  of  his  Mrth.  Cer- 
tmiD  ol^ecLs  rq^eatedlv  pref^ented  to  the  infiuit,  after  a 
tixDei,  are  reoc^ised  and  distln^t^ied.  The  nuinber  of 
directs  thusi  known  graduallv  increases,  and  &>om  the 
ocnsdtutian  of  the  human  mind,  thev  are  soon  asBociatied 
in  the  recollection,  according  to  their  resemUaiioes  or 
ohrious  relations.  Thus  sweetmeats  toys,  artides  of 
dress^  &c«  soon  form  distinct  classes  in  the  meinoiy  and 
CMiceptians.  At  a  later  sti^^  tnit  still  Teir  early,  the 
child  difoing^uisbes  readily  between  a  stone  or  mumend 
mass«  a  pppfliahk  and  an  irnwaw/c  and  thas  his  mind  has 
already  noted  the  three  £^I^^at  classes  ef  Mtnral  bodBes, 
and  has  acquired  a  certain  de^rree  of  aoqnnntanoe  widi 
AWWio^  Hii^bfw^  He  al^^o  socm  understands  the  phrases 
**  a  falling  body,^'*  **  the  ftvce  of  a  movii^  body,"  and 
has  therelore  a  perceptiiw  i^  the  great  physacal  laws  of 
firavity  and  inertia.  Havings  tliexk  ^aeen  sagar  dissohvd 
in  walffv  »^  wax  melted  about  die  wick  of  m  immii^ 
oapdks  he  h«(  learned  ^>me  fdiewimeiui  of  OiemistiT. 
aSnI  hani^  obxiTed  the  actions  of  the  domesaic  animals 
omd  of  die  pecs«itts  abo«t  hinw  he  has  b($:»n  his  acqnani- 
l»nce  with  Fhysaelof^  and  the  Sdenoe  of  Mind.  Lasd|y, 
whe3)  he  Has  learned  to  ocvunt  his  fti^pM^  »^  his  ss^ar- 
pium^  and  to  judge  of  die  fidraess  of  the  division  of  a 
cidM'  between  him^lf  and  Us  brmiiers;  he  has  adranced 
inTi>  Arithmetic  and  GeomefiT. — ^Tfcus  witlun  a  Tear  or 
rwoi«  a  child  of  ocvmmon  ^ensie  has  nuide  a  prc^rj^ess  in 
afi  the  greju  depanmeants  of  hmman  5«dence:  and  in  nddB- 
Mm.  bas  learned  to  name  ei^^Xfs,  and  i^  e^Kp3>ess  feefii^s 
by  the  ai^traiT  >)ounds  ^  l«ng«u^*e.  SucK  tben,  are 
die  bc^inraigs  <^  £tundaxJons  «tf  knowle^h^e  em  whidh 
fiwiirr  years  cf  eTpmen«\.  or  mttfiodicai  eAneation, 
jm:<3  Tv*]£r  die  somcmre  ^  moire  c^gtyi^TaWe  afmdnmeMs 
V£mng  the  Twwas  owwSRtwis  ef  meti  in  ^  iS^BlmeJ 
cnnmmmnv. 

From  die  preoeffing  pMS^*!^  5t  appears  d»T  Ae  SHfenhr 
oT  Satu7*t  max  bt  of«n»AMyJ  as  a  cMidmMtns  tend  t)n«lr 
crcnwraei'!  <?r<rem  vvr  Yo?i*r«n\  w%^>flk  v>  V  t4ra^  ifnApr- 
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Kiood,  mu^l  be  studied  according  to  iliu  imluiai  orik-r  uf 
its  parts,  Just  as  any  common  history  must  be  read  in  the 
□aturat  order  of  its  paragraphs.  But  so  little  has  this 
truth  be«n  known,  or  at  least,  acted  upon  in  general,  that 
perhaps  no  other  human  plans  formed  with  one  objecl, 
have  been  so  dissimilar  and  inconsistent  as  the  common 
plans  of  education.  The  greater  part  of  the  deviations 
from  the  arrangement  sketched  above,  must  appear  so 
obviously  errors,  to  any  person  who  has  at  all  invesiigiileii 
(lie  subject,  that  it  is  unnecessary  here  to  speak  ol'  tlicni 
particularly;  hut  we  must  notice  tlie  question  qs  to 
whether  Mathematics  and  Logic  should  come  at  [he  be- 
ginning or  termination  of  a  course  of  scientific  study. 

Mathematics  are  at  present  generally  made  the  begiu- 
DJng  of  the  study,  and  the  reason  assigned  is,  that  scarcely 
any  object  in  Physics,  Chemistry,  or  Organic  Life  can  be 
desci'ihed  without  referring  to  gwmtity  or  proportion,  and 
therefore,  without  using  mathematical  terms.     Now  ih'a, 
is   irue,  but  it  is  equally  true,  that  the   niatheinaticu  I 
knowledge,  acquired  by  every  individual  in  the  common 
experience   of   childhood,    at    the    same   time    with    the 
commencements   of   Physics,    Chemistry,   and   Life,    as 
already  explained,  is  perfectly  sufficient  to  enable  students 
to  understand  all  tlie  great  laws  of  nature.     Few  persons 
in  civilized  society  are  so  ignorant,  as  not  to  know  Uiat 
a  square  has  four  equal  sides,  and  four  equal  corners  or 
angles,  and  that  every  point  in  the  circumference  of  a 
circle  is  at  the  same  distance  from  the  centre;  now  these 
iruths,  with  others  similar,  learned  in  the  same  way,  fbrnt  I 
»very  important  body  of  mathematical  knowledge,  aijd  I 
a  passport  to  the  understanding  of  all   the  general  laws  j 
of  nature.     When  these  laws  are  once  comprehended,  { 
and  the   mind   has  become   familiar  with  many  of  iW  | 
material  realities  of  the  universe,  tlie  study  of  the  higher  J 
inatltematics    becomes    exceedingly   interesting,   because  j 
usernl  applications  of  the  various  truths  ure  iuiineduitel^  f 
perceivetl:    and  a  gmid  course  on    mathematics  is  mitde 
to  include   hifilier  courbes   on   I'liv^ics,   Cheiiiit;tr\,  und 
I.  3         ■  ' 
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Life.  But  most  peBwn  fei-timtioii  ti»  pm^  preBroiiWtfy 
mathematics  as  irksoine  as  the  stmdj  of  a  mere  alph»» 
betical  dictionaiy  of  the  words  of  a  langm^  where  U 
is  not  allowed  to  read  the  compositioiis  written  in  that 
language.  Tliis  explains  whj  so  smaU  a  propoitioife 
of  students  become  good  mathematicians^  if  taught  is 
the  common  way :  and  why,  where  pure  mathematics  are 
made  th^  avenue  to  Natural  Philosophy,  this  abe  is  a» 
much  neglected — Abstract  Logics  which  is  a  braeeh  of 
mental  Fliilasophy,  as  a  preEminary  study,  is  of  a  pieee 
with  Abstract  Mathematics,  and  has  beoi  oommcndeA  eH 
similarly  erroneous  grounds. 

The  notions  on  educatimi  existing  in  the  world  ontii 
recently,  have  been  as  erroneous  with  respect  to  the  com^ 
parative  importance  of  di&rent  branches  of  knowledgifer 
as  with  respect  to  the  order  of  study.  Thus  at  many  of 
our  famed  schools^  and  eren  umversities,  the  attention 
has  been  directed  almost  acMj  either  to  Lamgmmgm  add 
LogiCy  or  to  Abstract  MaAama^cs;  the  jveceptofs  seeMing^ 
to  forget  that  these  objects  have  no  value  but  hi  iMk 
application  to  JRIfnes^  ChamUirfy  Lift,  wad  MML  This 
mode  of  proceedii^  is  just  as  if  a  man,  to  whom  ptfp^ 
mission  were  given  to  onto*  and  possess  a  magnifcent 
garden,  on  omdition  of  his  proeurii^  a  key  to  open  the 
gate^  and  measures  of  all  kinds  to  estimate  the  ridia^ 
contained  within,  should  wastQ  his  whole  life  on  the  road 
in  polishing  one  key  or  procuring  others,  and  in  prepare 
ing  a  multiplicity  of  measures;  dius forgetting  altogettuHr 
on  what  account  the  key  and  the  measures  had  any  valneu 
This  and  many  similar  errors  arise,  from  men  not  being  ka 
general  taught  to  carry  in  their  minds  a  clear  eoncepdoft 
of  the  whole  field  of  human  kimwledge^  and  tb^iee  of 
the  comparative  importance  of  the  diflGsrent  sub£visioDS. 
He  whose  view  is  bounded  by  the  limits  of  one  or  two 
small  departments,  will  probably  have  very  false  ideas 
even  of  them,  but  be  certainly  will  of  other  parts,  and  of 
the  whole;  so  as  to  be  constantly  exposed  to  commit  emus 
hurtful  to  hims^  or  to  others.    His  mind  is  u>  the  wett- 
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ordered  mind  of  a  properly  educated  iiiaa,  what  tlio 
crooked  and  mis-shapen  body  of  a  mechaaic,  confined  to 
certain  actions  aod  altitudes,  is  to  the  most  perfect  form 
of  the  human  species. 

By  arranging  science  according  to  its  natural  relations, 
and  therefore,  so  as  to  avoid  ail  repetitions  and  anticipa- 
tions, a  very  complete  system  might  be  exhibited  in  small 
bulk)  viz.  in  five  volumes,  of  which  the  separate  titles 
would  be  Phyiici,  Chemistry,  Organic  Life  or  Physiology., 
Matd,  and  Measures  or  Mathematics.  From  such  works, 
wiUi  less  ttouble  than  it  now  costs  to  obtain  iamiliarity 
vith  a  Dew  language,  a  man  might  obtain  a  general 
acquaintance  with  science.  And  such  is  the  close  relation 
of  ibe  sciences  among  each  other,  that  a  man  may  gene- 
ndly  acquire  consummate  skill  in  any  one  branch  more 
easily>  by  first  studying  the  whole  in  a  general  way,  and 
tlien  applying  particularly  to  that  branch,  than  by  fixing 
the  attention  from  the  beginning  more  exclusively.  The 
&tiuly  of  Anatomy  thus  becomes  very  easy  to  hini  who 
baa  ^rst  studied  Physics. 

The  book  of  five  volumes  would  merit  the  uanie  of  Uie 
Book  of  Natare.  To  have  all  the  perfections  of  which  it 
is  susceptible,  it  can  be  looked  for  only  from  acndemies  of 
science  or  associations  of  learned  men.  At  pi-esent  a 
great  part  of  human  latwur,  and  genius,  and  exislencct 
are  wa£ted  for  want  of  such  a  work.  Students,  from 
having  no  direction,  or  only  that  which  is  &ulty,  apply 
to  subjects  hi  unnatural  order,  and  therciore  neither  well 
understand  nor  remember  what  they  read.  Klany  who 
stiuly  various  works  on  the  same  subject,  that  the  inac- 
curacies or  omissions  of  one  may  be  corrected  by  the,  , 
others,  are  confounded  by  the  difierence  of  arrangement^^ 
in  the  dilferent  works,  and  seldom  get  clear  notions.  TW 
vast  increase  of  labour  also  occasioned  by  ill-ordera 
study,  discourages  and  disgusts  the  greater  part  of  thein,, 
&c.  I^  however,  by  the  care  of  government  or  of  uni- 
vtrsities,  the  Jive,  volumes  were  in  existence,  and  their 
Mthoritative  character  known,  ilie  lipirited  vouth,  when 
b  1 
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he  began  his  studies,  from  seeing  at  once  the  Ifmifed 
extent  of  his  task,  wouM  enter  upon  it  with  the  akicriQr 
and  confidence  which  would  soon  make  him  master  of 
the  field.  During  the  coniplete  review  also  of  science 
and  art  then  made,  each  would  be  able  better  to  choose 
the  occupation  in  life  suited  to  his  powers  and  character. 
The  minds  of  persons  generally,  becoming  thus  fully  in- 
formed in  the  season  of  their  young  vigour  and  elastieify^ 
might  set  out  on  their  flight  in  quest  of  new  discoveries 
from  greater  elevations  than  their  predecessors,  and  might 
be  expected  to  attain  still  nobler  objects.  The  fiiietft 
enterprizes  of  human  genius  have  been  planned  and  com^ 
menced,  and  often  accomplished  in  early  youth.  Iliere 
would  be  this  further  important  consequence,  that  per^ 
sons  being  made  so  soon  to  understand  the  beauty  and 
grandeur  of  creation,  would  early  acquire  an  elevation  of 
mind,  which  would  render  them  less  likely  afterwards  to 
lapse  into  those  sinks  of  idleness  and  vice  which  no^ 
receive  and  destroy  so  many. 

Were  such  elementary  treatises  once  in  existence,  thejr 
might  be  maintained  complete  by  an  annual  incorpor8ti<m 
of  new  discoveries.  And  by  being  furnished  with  correet 
and  copious  references,  they  might  be  made  an  index  ta 
the  whole  existing  mass  of  knowledge.  The  Book  of 
Natiare  would  be  of  more  value  to  the  world  than  eveD 
another  Newton  or  Watt,  for  it  would  convert  the  minds 
of  millions  into  intellectual  organs  of  advancement,  amoiij^ 
whom  there  would  be  many  as  highly  endowed  by  nature 
as  were  even  Newton  or  Watt. 

The  increased  facility  of  acquirement  here  contem^ 
plated,  would  by  no  means  put  an  end  to  the  distinctiovts 
among  men  of  learned  and  wfdeamed^  as  some  might  fear. 
The  plan  provides  for  more  sound  and  useful  information 
in  the  first  gi'ades  of  study,  the  influence  of  which  would 
be  felt  through  all ;  but  it  leaves  the  unlimited  fields  of 
mathematical  research,  of  Belles  Lettres,  of  Natural  His- 
tory, &c.  as  open  as  ever  to  the  enterprises  of  leisure,  and 
of  peculiar  taste.     It  is  true,  that  the  whole  intellect  rf 


th«  community  would  be  awakeued,  and  that  existing 
talent  would  every  where  be  elicited,  and  would  generally 
reach  the  stations  where  it  could  be  most  useful ;  but  this 
would  be  for  the  profit  of  all  the  members  of  the  state. 


In  the  course  of  the  preceding  disquisition,  we  have 
seen  that  Physics  or  Natural  Philosophy,  the  subject  of 
the  present  volume,  Ls  fundamental  of  the  oiiier  parts, 
and  therefore,  is  that  of  which  the  knowledge  is  the  niost 
indispensable.  Bacon  very  truly  calls  it  "  the  root  of  llie 
sciences  and  arts."  That  its  importance  has  not  been 
marked  by  the  place  which  it  has  held  in  common  systems 
of  education,  is  owing  chieily  to  the  misconception  already 
spoken  of  and  refuted,  that  a  knowledge  of  technical 
nuihematics  was  a  necessary  preliminary;  and  to  an 
opfltion,  tliat  the  degree  of  acquaintance  with  Physics 
which  all  persons  acquire  by  common  experience,  is 
sufficient  for  common  purposes: — now  it  is  true,  that  the 
lo^s  of  childhood,  as  the  wmdmill,  bull,  syphon  tube, 
and  a  hundred  others,  furnish  so  many  examples  of  the 
laws  of  Physics,  and  may  well  be  called  a  philosophical 
apparatus^  but  they  give  information  which  is  exceed- 
ingly vague,  and  not  at  all  such  as  is  now  absolutely 
reciuisite  in  the  practice  of  many  of  the  arts. — If  the 
etudy  of  Physics  be  so  easy,  then,  as  now  appears,  and 
so  important  as  we  shall  try  still  farther  to  shew,  there 
can  be  no  excuse  for  neglecting  it. 

The  greatest  sum  of  knowledge  acquired  with  the  least 
trouble,  is  that  which  comes  with  the  study  of  the  few 
simple  truths  of  Phynics.  To  the  man  understanding 
these,  very  many  phenomena,  which,  to  the  uninformed 
appear  prodigies,  are  only  beautiful  illustrations  of  his 
previous  general  knowledge;  and  this  he  carries  about 
with  him,  not  as  an  oppressive  weight,  hut  as  the  charm 
which  supports  the  weight  of  other  knowledge,  and 
enables  him  to  add  lo  his  valuable  store,  every  new  fact 
of  consequence   which  may  offer.     With   such   a   prin- 


dple  of  Arrange  men  [,  knowledge,  instead  of  resembling 
loose  Btoiies  or  rubbish  thrown  togetlier  in  confusion, 
becomes  a  noble  edifice,  of  correct  proportions  anti  firm 
contexture,  wtiicb  is  acquiring  greater  strength  and  con- 
sistency with  the  experience  of  every  succeeding  day.  It 
lias  been  a  prejudice  that  persons  thus  instructed  in 
general  laws,  have  their  attention  too  much  divided,  and 
ean  know  nothing  perfectly.  The  very  reverse,  however, 
Is  true ;  for  general  knowledge  renders  all  particular 
Jcuowledg«  more  clear  and  precise.  The  ignoraitt  man 
may  bo  «tid  to  have  charged  his  hundred  hooks  of  know- 
'  i<dge,  to  use  a  rough  simile,  with  single  objects,  while 
ihe  informed  mun  makes  each  support  a  long  cltain,  to 
whicli  thousands  of  useful  things  are  attached.  The  laws 
of  Philosophy  may  be  compared  to  keys  which  give 
■dmission  to  the  most  delightful  gardens  that  EnacyjMn 
picture ;  or  to  a  m^ic  power,  which  removes  a  veil  from 
'the  face  of  tlie  universe,  and  discloses  endless  charms 
'Which  ignorance  sees  not.     The  informed  man,  in  the 

'  world,  may  he  snid  to  be  always  surrounded  by  what  is 
known  and  friendly  to  him,  while  the  ignorant  man  is  as 
lone  in  a  land  of  strangers  and  enemies.  A  man  may 
'read  a  thousand  volumes  of  ordinary  books  as  agreeable 
^JHStime,  leaving  vague  impressions  ;  but  he  who,  through 

-  general  laws,  studies  the  Book  (^  Nature,  converts  the 
^reat  universe  into  the  material  of  a  sublime  history 
which  tells  of  God,  and  which  may  worthily  occupy  his 
attention  to  the  end  of  his  days. 

_*"     We  have  said  already,  that  the  laws  of  Physics  govern 

•  Ihe  great  natural  phenomena,  of  Astronomy,  the  tides, 
"irinds,  currents,  &c     We  will  now  mention  some  of  the 

' '  *artificiai  purposes  to  which  man's  ingenuity  has  made  the 

^<Mme  laws  subservient.     Nearly  all  that  the  civil  engineer 

accomplishes,  ranges  under  the  head  of  Physics.     Let  us 

r )  Uhe,   for   instance,    the   admirable  specimens  scattered 

•  *OTer  the  British  Isles. — The  numerous  canals  fur  inland 
traffic ;  ihe  docks  to  receive  the  riches  of  the  world,  pour- 
ing towards  us  from  every  qnarter ;  the  many  harbours 
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oBering  safe  retreat  to  the  storni-driven  mariner;  the 
magnilicent  bridges  which  every  where  facilitate  inter- 
course ;  hills  bored  through  to  open  roads  for  commerce 
by  canal-boats  or  carriages,  and  the  continued  tracks, 
sometimes  carried  across  vallies  or  above  rivers,  so  tbat 
here  and  there  the  singular  phenomenon  is  seen  of  one 
vessel  sailing  directly  over  another;  vast  tracks  of  swamp 
or  fen-land,  drained,  and  now  serving  for  agriculture. 
In  Holland,  great  part  of  the  country  stolen  from  the 
aea,  acknowledges  the  same  almost  creating  power;  and 
there  rich  cities,  and  an  extended  garden,  now  smile, 
where,  as  related  by  Ca?sar,  were  formerly  bogs  and  a 
dreary  waste.  And  who  can  contemplate  with  indilference 
the  noble  light-house,  rearing  its  head  amidst  the  storm, 
while  the  dweller  within  trims  his  lamp  in  safety,  to  guide 
his  endangered  lellow-creature  through  the  perils  of  the 
storm. 

As  a  striking  picture,  let  us  consider,  that  in  situations 
where  the  rude  savage  formerly  beheld  the  cataract  fall- 
ing among  the  rocks,  and  the  wind  bending  ihe  trees  of 
the  forest,  and  sweeping  the  clouds  along  the  mountain's 
brow,  or  whitening  the  face  of  the  ocean,  and  regarded 
tbew  phenomena  wilh  awe  or  terror,  as  marking  the 
agency  of  some  mighty  power  which  might  destroy  him; — 
in  the  same  situations  now,  his  informed  son,  who  works 
with  the  laws  of  nature,  can  lead  the  waters  of  the  cataract 
by  sloping  channels  to  convenient  spots*,  where  lliey  are 
made  to  (urn  his  mill-wheel,  and  do  his  muliitkrious  work. 
The  rushing  winds  also,  he  makes  his  servants,  by  rearing 
the  broad-vaned  windmill  in  their  course,  which  then 
performs  a  diousand  offices  for  its  master,  man.  And  the 
breezes  which  whiten  ocean,  are  caught  in  Ids  expanded 
nuU,  and  are  made  to  wafl  their  lord  and  his  treasures 
across  the  deep  for  his  pleasure,  or  his  profit. 

In  Architecture  Physics  is  also  supreme,  and  has  ruled 
the  construction  of  the  temples,  pyramids,  domes,  spires, 
lowers,  and  palaces  which  adorn  the  earth. 

As  to  imchineTy  generally.  Physics  is  the  guiding  lighL 
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We  may  mention  the  mighty  steam-englue;  machiaes  for 
spinning  and  weaving;  for  moulding  other  bodies  into 
various  shapes,  yea,  even  iron  itself,  as  if  it  were  plastic 
clay;  windmills,  and  walermills,  and  wheel  carriages; 
the  plough  and  implements  of  husbandry  ;  gunnei'yi  and 
the  art  of  war ;  the  implements  of  our  intellectual  arts, 
of  printing,  drawing,  painting,  sculpture,  &c.;  our  musi- 
cal instruments;  our  optical  and  mathematical  instruments, 
and  a  thousand  others. 

And  besides  all  these,  and  other  uses,  Physics  is  an 
tmporlant  foundation  of  the  healing  art.  The  medical 
man,  indeed,  is  the  engineer  pre-eminently ;  for  it  is  in  the 
animal  body  that  true  perfection  and  the  greatest  variety 
of  mechanism  are  found.  Wliere  is  there,  to  illustrate 
Mechanics,  a  system  of  levers,  and  hinges,  and  moving 
parts,  like  tlie  limbs  of  an  animal  body;  where  such  an 
hydraulic  apparatus,  as  in  the  heart  and  blood-vessels; 
such  a  pneumatic  apparatus,  as  in  the  breathing  chest ; 
such  acoustic  instruments,  as  in  the  ear  and  larynx;  such 
an  optical  instrument,  as  in  the  eye;  in  a  word,  such 
mechanical  variety  and  perfection,  as  in  the  whole  of  tile 
visible  anatomy  !  All  these  structures,  the  medical  man, 
of  course,  should  understand,  as  a  watchmaker  knows 
the  parts  of  the  machine  about  which  he  is  employed. 
The  latter,  unless  he  can  discover  where  a  pin  is  loose, 
or  a  wheel  injured,  or  a  particle  of  dust  adhering,  or  oil 
wanting,  SiC,  would  ill  succeed  in  repairing  an  injury; 
and  so  also  of  the  ignorant  medical  man  in  respect  to  the 
human  body.  Yet  will  it  be  believed,  that  there  are 
medical  men  who  neither  understand  mechanics,  nor 
hydraulics,  nor  pneumatics,  nor  optics,  nor  acoustics, 
beyond  the  merest  routine;  and  that  systems  of  medical 
education  are  put  forth  at  this  day  which  do  not  even 
mention  the  department  of  Physics  ! 

That  such  is  the  case,  furnishes  illustration  of  what  is 
stated  in  the  beginning  of  this  essay ;  that  tlie  sciences 
and  arts  are  progressive,  and  that  perfect  methoiis  ol' 
education  must  arise  gradually,  Uke  all  other  thiugi  of 


Iiumiiii  contrivance.  It  is  within  the  recollection  of  per- 
sons now  living,  that  political  economy  was  discovered  to 
be  a  grand  foundation  of  the  art  of  government,  and  iv 
security  ugainst  many  national  misfortunes  common  in 
former  times,  yea,  even  famine  and  war.  And  the  day 
is  not  distant,  when  the  members  of  the  medical  profession 
generally  will  understand  how  much  the  correct  know- 
ledge of  animal  structnre  and  fniiction,  and  of  many 
remedies,  must  depend  on  precise  acquaintance  of  Physics. 
Besides  the  strictly  professional  matters,  contained  in 
the  medical  sections  of  the  present  work,  there  are  many 
others  scattered  through  it  which  much  interest  the 
medical  man ;  such  as  the  subjects  of  mvteorologif,  climatey 
ventUation  and  warming  of  dwellings,  specific  gravities, 
&c.  &c.  But,  indeed,  what  part  of  Natural  Philosophy 
is  not  interesting  to  a  medical  man,  since  the  whole  is 
becoming  every  day  more  and  more  a  part  of  a  liberal 
edncation.  In  our  cities,  and  even  in  an  ordinary  dwel- 
Hng-honse  now,  a  man  is  surrounded  by  miracles  of 
mechanic  art,  and  with  his  proud  reason,  is  he  to  nse 
these,  as  careless  of  how  they  are  produced,  as  a  horse  is 
of  how  the  corn  falls  into  his  manger  !  A  general  dif- 
fnsion  of  knowledge  is  now  elevating  the  human  character 
in  all  ranks  of  society,  and  making  men  who  reflect  feel 
how  different  their  condition  is  fromlhat  of  their  remote 
fiirefathers.  These,  generally  forming  small  states  or 
societies,  had  few  relatione  of  amity  with  surrounding 
tribes,  and  their  thoughts  and  interests  were  confined 
very  much  within  their  own  little  territories  and  rude 
habits.  In  succeeding  ages,  they  found  themselves  be- 
longing to  larger  communities,  as  when  the  English 
heptarchy  was  united;  but  still  remote  kingdoms  and 
quarters  of  the  world,  were  of  no  interest  to  diem,  and 
were  often  totally  unknown.  But  every  one  now  sees 
himself  a  member  of  one  vast  civilized  society,  which 
covers  the  whole  face  of  the  earth  ;  and  no  part  of  the 
earth  is  indiflerent  to  him.  A  man  of  small  fortune  in 
England,  may  cast  his  regardf  around  him,  and  say  with 


larmoBCcnov. 

tratk  Mdl  esiOlatiom  ^l  uilo^cd  is  a  kowe  vliicli 
lAidi  flie  coiiircmendes  and  fsoaAvts  Much  ft  kiiig  coidd 
wet  eommuid  some  ceotarieB  agnk  There  ftie  skips  crow- 
O^  dbe  seas  in  every  direcliaoy  loliriiigmevlMiSiftoaeAil 
ta  lie  finoai  all  parts  of  the  ear^  In  Chinay  mea  are 
gadiering  the  tea-leaf  fiiriDe;  inAmcrio^  thcjarefdantp* 
ii^  cocttm  tar  me;  in  die  West-India  islands  tbej  are 
picparing  mj  sogar  and  my  coAse;  in  Itafy,  diey  me 
feeding  silk-wonns  tar  me;  in  Saxony,  diey  are  Aeaiing 
tiie  sheep  to  make  me  dotbing;  at  kooM^  powerfid  steam- 
ii^mi  are  spinnii^  and  weaving  tor  mc^  and  making 


cadeiy  fer  me^  and  pomping  die  nunes^  diat  nunends 
nwlhl  to  me  may  be  procnred.  My  patrimony  was  smell, 
and  yet  I  have  post-coackes  day  and  nif^t  running  on  all 
tke  roads  to  carry  niy  qMrespondence ;  I  kaveroads  and 
canals  and  biidlges  to  bear  tke  coal  far  my  winter  fire; 
nay,  I  kave  protecting  fleets  and  armies  aromid  niy  kiqipy 
oomtry,  to  secore  my  enjoyments  and  repose.  Tken, 
I  kave  editors  and  printers  wko  daify  send  me  an  aoooont 
at  what  is  going  on  tkrougkoat  tke  world,  among  all  tkese 
peo|de  wko  serve  me.  And  in  a  oomer  of  my  konse^  I 
kave  MMMLS !  tke  miracle  of  ail  my  possessions  more 
wonderfbl  tkan  die  wisking-cap  of  die  Andaan  tales;  far 
dicj  transport  me  instantly,  not  aoky  to  all  |daees  but 
to  all  rimes  By  my  bocdcs  I  can  eonjnre  up  to  livid 
cadsience  before  m^  all  tke  great  and  good  men  of  an- 
tiqaity ;  ud,  far  my  individoal  satisfacticn,  I  can  make 
tfctm  met  over  fl^aia  tke  most  renowned  of  tkeir  ez|doits. 
Tke  orators  declaim  fer  me;  tke  kistorians  recite;  tke 
poetssnig:  inaw«»d,  from  die  equator  totkepcde^  and 
from  die  beginning  of  time  until  now,  by  my  books 
lean  fly  wkitker  I  fdease. — ^Tkis  picuire  is  not  ov)u«- 
charged,  and  might  be  mudi  extended;  and  sudk  is  tke 
amarle  of  God's  goodness  and  jwoTidence^  tkat  eadi 
individaal  of  tke  civilised  millions  tkat  cover  die  eartk, 
amy  hmve  nearly  die  same  oijoymaits  as  if  he  were  the 
rin^ehwd  of  aU. 

Reverting  to  the  Bn|iortanoe  of  Natural  Philosopfay  as 


a  general  study,  it  muy  be  remarked,  thai  there  is  no 
occupatioD  which  so  much  slreRgthens  and  quickens  ibe 
judgment.  This  praise  has  usiialty  been  bestowed  on 
Mathematics;  but  if  we  reflect,  that  Natural  Philosophy 
comprehends  JVIatliematics,  and  gives  tangible  and  plea»- 
ing  illustrations  of  the  abstract  mathematical  truths,  so< 
as  to  relieve  the  tension  of  mind,  which  to  many  persons 
is  painful;  it  seems  enlitle<l  to  still  higher  praise.  A  man 
whose  mental  faculties  have  been  sharpened  by  familiarity 
with  these  exact  sciences,  either  separate  or  combined, 
and  who  has  been  engaged,  therefore,  in  contemplating 
reai  reiatimx,  is  more  likely  to  discover  truth  in  utbeii 
questions,  and  can  belter  defend  himself  against  sophistry  ^1 
of  every  kind.  We  cannot  have  clearer  evidence  of  thi^< 
than  in  the  history  of  the  sciences,  since  tlie  Boconiao. 
method  of  philasophisitig  by  induction,  took  place  of  the. 
visionary  hypotheses  of  preceding  limes.  Until  then,  even 
powerful  minds  did  not  recoil  from  the  most  absurd 
theories  on  all  subjects.  Astronomy  was  mixed  with, 
Astrolog}';  Chemistry  with  Alchemy;  Physiology  with, 
tlie  singular  hypotheses  which  preceded  the  discovery 
of  the  circulation  of  the  blood. — Even  religion  itself,  in 
various  ages  and  countries,  has  felt  the  influence  of  the 
stale  of  the  public  mind  as  to  solid  attainments.  To  a 
man  with  the  knowleclge  of  nature  whicli  we  now  possess, 
the  fables  and  licentious  abominations  of  the  Greek  ocr. 
Uoman  theologies  ore  shocking  indeed ;  as  are  also  the,  • 
religions  of  the  God  of  Fire  in  China,  or  of  Vishnoo  itt 
India,  or  of  Mahomet's  imposture  and  pretended  miracles, 
&c — But  the  enlightened  Christian  minister  earnestly 
recommends  the  study  of  nature ;  first  because  from  con- 
templating the  beauty  of  creation  discovered  by  general 
philosophy,  with  the  wisdom  and  benovolent  design  mani- 
fest in  all  its  parts,  there  spring  up  in  every  undepraved 
mind  those  feelings  of  delight  and  gratitude,  which  constix, 
tute  the  adoration  of  natural  religion,  and  form,  as  shewn,  _ 
by  Dr,  Paley,  and  other  writers  on  Natural  Theology,  & 
fit  foundation  for  the  sublime  doctrine  of  immor^ity : 
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and  secondly,  because  Revelation  must  be  proved  by  tlie 
miracles  which  accompanied  its  establishmeut ;  and  tn 
enable  men  to  distinguish  between  miracles  and  the  usual  - 
course  of  nature,  a  perfect  knowledge  of  that  course,  or 
of  Natural  PhiloKOphy,  is  absolutely  essential.  All  the 
false  religions  of  antiquity  were  founded  on,  and  upheld 
by  pretended  miracles,  As  regards  ihe  question  of  im- 
mortality, even  independently  of  Revelation,  no  man 
who  contemplates  the  order  and  beauty  of  the  material 
world,  and  who  sees  the  hideous  deformities  of  the  moral 
world — where  vice  so  often  triumphs,  and  modest  virtue 

•  pines  and  dies — can  for  a  moment  believe  them  to  be 
the  work  of  the  same  author,  unless  there  be  an  hereafter 
of  retribution;  and  feeling  that  eternal  justice  requires 
another  state  for  man,  he  embraces  with  delight  the 
cheering  promises  of  Christianity.  There  have  been, 
however,  at  various  times,  even  among  Christians,  sincere, 

^  but  weak  or  ill-informed  men,  who  decried  the  study  of  the 

natural  sciences,  as  inimical  to  true  religion— as  if  God's 

'  ever-visible  and  magnificent  revelation   of  his  attributes 

>  in  the  structure  of  the  universe  could  be  at  variance  with 

*  any  other   revelation  ! — Where  considerable  knowledge 
r  of  nature  exists,  debasing  and  gloomy  superstition  must 

ie.  It  is  not  the  abject  terror  of  a  slave  which  is 
f  inspired  by  contemplating  the  majesty  and  power  of  God, 
[displayed  in  his  works,  but  a  tender  regard,  like  that 
p^hich  leads  a  favoured  child  to  approach  with  confidence 
I  a  wise  and  indulgent  parent. 


It  now  only  remains  for  the  author  to  say  a  few  words 
I  *ith  respect  to  the  present  volume.  With  his  belief,  as 
*  stated  in  a  former  page,  that  ere  long,  associations  of 
^  (ible  men  will  be  employed  to  frame  and  connect  the 
I  parts  of  an  elementary  Book  of  Nature,  he  adds  this  to 
(  ^e  already  existing  treatises  on  Physics,  merely  with  the 
'  hope  that  it  may  serve  usefully  for  a  time,  and  may  then 
furnish  lis  Khme  of  hints  for  the  composition  of  one  more 


INTRODUCTION, 


complete.  He  was  originally  led  to  tlie  undertaking  by 
tlie  hope,  that  he  might  be  able  to  supply  the  Important 
desideratum  in  medical  literature  of  a  treatise  on  Medical 
Physict ;  but  perceiving)  as  he  proceeded,  that  tlie  pre- 
liminary investigation  of  General  Physics  required  to  suit 
tlie  work  for  medical  readers,  would  have  to  be  nearly  as 
extensive  as  if  it  were  for  general  readers;  he  determined 
to  moke  his  work  as  complete,  and  as  extensively  useful, 
as  possible.  He  has  been  encouraged  during  bis  labour, 
by  the  belief,  that  the  growing  light  of  science  which  now 
exhibits  more  clearly  the  natural  relations  of  the  difierent 
departments  of  study,  as  is  attempted  to  be  pourtrayed  in 
the  preceding  pages,  might  enable  him  to  avoid  some  of 
the  defects  of  former  elementary  treatises,  and  to  add 
some  features  of  novelty  and  improvement  to  his  own. 
But  he  is  still  conscious  how  very  far  his  work  is  from 
having  the  perfection  of  which,  even  in  the  present  state 
of  knowledge,  such  a  work  is  susceptible.  An  elementary 
treatise  on  Natural  Philosophy  should  be  charncterized-r- 
by  requiring  in  the  reader  no  previous  information,  but 
&  knowledge  of  the  language  in  which  it  is  written,  and 
the  commonest  experience  of  the  world ;  by  having  an 
arrangement  of  the  subjects,  as  scientific  or  methodi- 
cal, as  in  a  strictly  mathematical  treatise,  yet  without 
using  a  single  term  of  technical  mathematics ;  by  the 
general  principles  being  illustrated  in  all  cases,  rather  by 
bringing  before  the  reader  interesting  natural  phenomena, 
than  artificial  experiments  and  dry  abstract  reasonings ; 
by  containing  nothing  of  so  little  interest  as  to  be  readily 
forgotten ;  by  the  book  being  calculated  for  general 
readers,  and  not  for  those  of  one  profession  or  class ; 
by  embracing  such  an  account  of  recent  improvements, 
au  to  foster  the  spirit  which  leads  to  further  study  and 
Advancement,  &c. — In  composing  the  getteral  chapters 
of  the  u-ork,  the  author  has  been  guided  by  these  con- 
siderations, as  far  as  his  ability  and  leisure  would  permit. 
The  sections  on  Animal  Piyiics  were,  of  cour^^e,  written 
tor  medical  men ;  and  a  great  service  will  be  t\:nd8Md:  by 
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Uie  work,  if  it  only  awakens  them  to  s  just  sense  of  the 
.  Inportimce  of   Physics,    us  one  of  the  foundations   of 

Iheic  art.  But,  even  for  general  readers,  there  are  few 
f  parts  of  these  sections,  which  tlie  author  mouIiI  exclude. 
[  There  is  nothing  more  admirable  in   nature  than    tb« 

ttructure  and  functions  of  the  human  body,  and  thera 

ize  many  reasons  why  no  liberal  mind  can  be  careless 
I  ^'  the  study.  The  details  here  are  not  more  anatomical, 
I  tban  Paley's  illustrations  from  tJte  animal  economy,  coa- 
[  Isined  in  his  Natural  Tliitology. — From  the  attempt  in 
I  this  work  to  compress  into  the  smallest  possible  spacCf 
f  die  greatest  possible  sum  of  scientific  information,  few 
I  liistorical  details  have  been  admitted,  whether  relating 
I  to  the  distinguished  men,  who  liave  benefited  the  world, 
I  as  authors  or  inventors,  or  to  the  history  of  the  progress 
I  of  science.  Such  details  form  an  interesting,  but  distinct 
[  te^nch  of  study.  With  the  concluding  part  of  the  work 
I  Acre  will  be  given  a  list  of  the  best  authors  who  have 
I  mated  on  the  various  subjects. 

.  The  author  must  not  conclude  without  observing,  that 
I  ho  treatise  on  Natural  Philosophy  can  save  to  the  reader 
r  of  it,  the  necessity  of  attendance  on  experimental  lectures 
'  or  demonstrations.  Things  that  are  seen,  and  felt,  and 
I  heard,  that  is,  which  operate  on  the  external  senses,  leave 
[  SQ  the  memory,  much  stronger,  and  more  correct  Im- 
I  pressions,  than  where  the  conceptions  are  produced 
I  aerely  by  verbal  description,  however  vivid.  And  no 
I  IHan  has  ever   been   remarkable    for  his   knowledge  of 

■Physics,  Chemistry,  or  Physiology,  who  has  not  had 
I  practical  familiarity  with  the  objects.  Witli  reference  to 
I  {bis  familiarity,  persons  who  take  a  philanthropic  interest 
'  fxy  the  affairs  of  die  world,  must  observe  with  much  plea- 
I  bare,  the  now  daily  increasing  facilities  of  acquiring  useful 
[  iinowledge,  afforded  by  the  scientilic  institutions  that  are 
1  -fermed  and  forming,  through  this  kingdom,  and,  indeed, 

.through  most  civilized  nations, 
f  ji   Those  of  the  readers  of  this  work,  who  know   the 
ui^of  a  medical  man's  liie,  will  not  be  disappointed 
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by  missing  here  the  minute  accuracy  and  polish  found 
in  the  productions  of  knore  leisurely  writers ;  but  amidst 
all  the  interruptions  and  anxieties  inseparable  from  his 
employments,  the  author  hopes,  that  his  omissions  and 
inel^ancies,  are  not  mixed  with  many  considerable 
errors.  He  would  feel  greater  solicitude,  as  to  the  recep- 
tion of  his  work,  if  he  did  not  know  that  the  subjects 
CTibraoed  in  it  are  exceedingly  interesting  in  themselves, 
so  that  when  treated  with  ordinary  clearness  and  pre- 
cision, they  never  fail  to  please. 

Bedfijrd  Square^ 
1st  March,  1827. 
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SYNOPSIS. 


1st.  Atom  (a  Greek  word  signifying  that  lehkh 
catmoi  be  J'arther  divided)  means  an  exceedingly 
minute  resisting  particle.  The  A'^isible  universe  is 
built  up  of  such  particles,  held  together  by  an 
influence  called 

2d,  Attraction,  wliich  word  implies  that  all 
the  atoms,  whether  separate  or  already  joined  into 
masses,  tend  towards  each  other,  and  all  other 
masses,  with  force  proportioned  to  their  various 
proximity. 

3d.  Repulsion  means  that  under  certain  known 
circumstances,  as  of  heat  difliised  among  the  par- 
ticles, their  atlracitoti  is  countervailed  or  resisted, 
^^^m     pnd  they  tend  to  separate  with  force  pioportiooed 
^^^H     to  their  proximity. 

^^^B  ith.  Inertia  expresses  the  tact  that  ttie  atoinsi 
V  ^s  regards  motion,  have  a  stubbomriess  about  theiq 

H  which  tends  always  to  keep  them  in  their  existiiig 

I  state  whatever  it  may  be.     Hence  bodies  neither 

I  acquire  motion,    nor  lose  motion,    nor  bend  in 

^^^  motion,  but  in  exact  proportion  to  the  force 
^^^^    applied. 

^^^H  V  A  person  com^H'eheuding:  fuller  the -impDit  of 
^^^^  these  four  words,  may  predict  or  anticipate  cor- 
I  rectly  very  many  of  the  tacts  and  phenomena, 

^^^^  which  the  extended  experience  of  a  Ufe  can  dis- 
^^^^  play  to  him.  To  give  the  reason  or  explanation 
^^^B  «f  any  fact,  means  only  to  shew  its  accordance 
^^^"  with  a  general  truth  or  principle ;  and  it  will  be 
W  found  that  this  volume  is  merely  aii  enumeratioo 

I  of  a  vast  mass  of  the  most  important  facta  w  phe- 

I  nomcna  of  nature  and  art,  ciaseihed  so  as  to  be 

I  explained  by  tlie  four  physical  truths,  and  bo  ias 
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motliaHy  to  iHustrate  each  other.  They  will  be  dis- 
tributed under  the  following  iive  lieads  or  divisions^  1 
CHAPTER  I. 
Somatology  and  Dynamics  (from  Greek  words 
signifying  adiscourse  on  bodies  and  force  or  powers  ' 
— the  four  truths  made  to  explain  generally  th^  \ 
constitution  of  masses,  and  tiie  motions  going  oi^  i 
among  them. 

CHAPTER  11.  (|| 

Mechanics  (from  the  Greek  word  signifying-gf 

machine) — the  four  truths  explaining  the  peq^l 

liftdties  of  state  and  motion  among  solid  bodies.  .^. 

CHAPTER    III. 

Hyohodynamics  (from  Greek  words  signifying 

water  and  force")  : — tiie  truths  explaining  tlie  pe- 

culiarities  of  state  and  motion  amongjluid  bodies. 

Section  1.  Hydhostatics  (water  at  rest). 

■  2.  Pneumatics  (air  phenomena). 

3.  M.YDV.\viAC%  {water orjluid in  motion), 

4.  Acoustics  {phenomena  qfsovnd  and 

hearing. 
CHAPTER  IV. 
The  truths  aiding  to  explain  the  more  recondite 
phenomena  of  imponderable    substance    under 
the  heads  of 
Section  1.  Caloric    or  heat. 

2.  Optics,  light. 

3.  Electricity,  from  the  Greek  word 

signifying  amber;    for  the  electric 
light  was  first  obtained  from  amber. 

4.  Magnetism. 

CHAPTER  V. 
AsTBONoiiv — phenomena  of  the  heavens. 


*  "      STNOPSrS. 

^  Under  each  chapter  will  be  ranged  t^e  illuiM 
tri^ions  afforded  by  the  animal  economy.  AmUiAH 
AND  Medical  Physics. 

''  As  no  man  can  understand  a  subject  of  tehich 
he  does  not  carry  a  distinct  outline  in  his  ttda^ 
the  reader  of  this  volume  is  recommended  Co 
^udy  the  general  synopsis,  and  the  analyses  placed 
at  the  heads  of  the  chapters  and  sections^  until 
the  memory  be  strongly  impressed  with  them. 
The  synopsis  gives  a  general  view  of  the  subject, 
like  what  a  traveller  may  obtain  of  a  new  country 
fronl  a  lofty  central  peak,  that  commands  the^ 
whole.  The  analysis  gives  a  general  view  of  one 
division,  like  what  the  traveller  has  of  a  portion 
of  the  country  from  a  lower  summit;  and  th6 
^*  heads  **  placed  thus  between  inverted  commists 
may  be  figured  as  commanding  single  vallies  or 
fields. 
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CHAPTER  I. 

VaSSL  FOUlfe  F^U^DA^EKTA^.TRU'nM^  MIlfUTS^^  EXAMINED, 
ANP  U9EP  Iir  A^  CEN?R,AL .  WA-K,  TP .  EXPLAIN,  BUIST^ 
THE  NATURE  OR .  CONOTITUTION  OF  THE  MATERIAL 
MASSES  WHICH  COMPOSE  THE  UNIVERSE,  AND"S£C0^£>^ 
LY,  THE  litOTIONS  OR' pkETfrOMENA  GoiWG  6n  AMONG 
THESE*  .      ^  .   ,       .  .  ) 


. fiECTION  l.*rON  THE.CQNI^TITUTiqN  OP  MAgS^ES^  ^ 

ANALYSIS    OF    THE    SECTION. 

The  'mibU  universe  is  built  up  of  very  minute  indestructibley  or 
material  atoms,  xuhlchy  hy  mutual  dttrdctiohy  cohere  or  cling 

"together  in  masses  "of  various  Jbrrhi  and-  magnitudes.  -  The 
'^omtmre  more  or  less  dose,  according  to  ihe-  qucmtit^or  ne- 
pulsidn  of  heat,  among  t^em,  and  h^nce  arm  jthe  fktte  t:^^ 
markaHe  forms  in  the  masses,  of  solid,  liquid,,  and  air,  tvhich 
mutually  change  into  edch  other  toith  change  in  ihequantBy  ^ 
heat.  Certain  modifications  of  attraction  and  repulsion  prO' 
duce  the  subordinate  peadiarities  of  crystal,  dense,  hard,'  eUutic, 
brittle,  malleable,  ductile,  and  teni^cious* 


"  Minute  Indestructible  Atoms*** 

The  smallest  portion  of  any  substance  which 
the  human  eye  can  perceive,  is  still  a  mass  of 
many  ultimate  atoms  or  particles,  which  may 

*  The  different  heads  or  titles,  which  appear  thus  between 
inverted  commas  throughout  the  work,  are  the  successive  por- 
tions of  the  Analyses,  detached  for  separate  consideration  t  and 
the  reader  is  particularly  requested  to  re-peruse  the  analysis  at 
the  several  interruptions^  that  he  may  have  constantly  before 
bim  that  clear  view  oi*  the  general  relations  among  the  different 
parts  of  tlie  subject,  which  i^  essential  to  a  perfect  understand- 
ing of  it. 
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be  separated  from  each  other,  or  newly  ar* 
ranged,  but  which  cannot  individually  be  hurt 
or  destroyed. 

A  particle  of  powdered  marble;  hardly  visible 
to  the  naked  eye,  still  appears  to  the  microscope 
a  block  susceptible  of  indefinite  division ;  and, 
when  broken  by  fit  instruments,  until  the  micros- 
cope can  hardly  discover  the  separate  particles  of 
the  fine  powder,  these  may  be  yet  farther  divided, 
by  dissolving  them  in  an  acid  ;  until  the  whole 
become  absolutely  invisible,  as  part  of  a  transparent 
liquid. 

A  small  mass  of  gold  may  be  hammered  into 
thin  leaf,  or  drawn  into  fine  wire,  or  cut  into 
almost  invisible  parts,  or  liqpefied  in  a  crucible, 
or  dissolved  in  acid,  or  dissipated  by  intense  heat 
into  vapour;  yet,  after  any  and  all  of  these 
changes,  the  atoms  can  be  collected  again,  and 
the  original  gold  can  be  exhibited  in  its  pris- 
tine state,  without  the  slightest  diminution  or 
change.  And  aU  the  substances  or  elements  of 
which  our  globe  is  composed,  may  thus  be  cut, 
torn,  bruised,  ground,  &c.  a  thousand  times,  but 
are  always  recoverable  as  perfect  as  at  first 

And,  with  respect  to  delicate  combinations  of 
these  elements,  such  as  we  see  in  animal  and  vege^ 
table  substances,  although  it  be  beyond  human 
pit,  originally  to  form,  or  to  imitate  many  of  them, 
still,  in  their  decomposition  and  apparent  destruc- 
tion, the  accomplished  chemist  of  the  present  day 
does  not  lose  a  single  atom.  The  coal  which 
bums  in  his   apparatus,  until  only  a  little  ash  re- 
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mains  befmid,  or  the  wax-taper  which  seems  to 
vanish  altogether  in  flaine,  or  the  portion  of  ani- 
mal flesh,  which  putrifies,  and  gradually  dries 
up  and  disappears;  all  these  phenomena  are  now 
proved  to  be  only  changes  of  connexion  and 
arrangement  among  the  indestructible  ultimate 
atoms  J  and  the  chemist  can  offer  all  the  ele- 
ments again,  mixed  or  separate,  as  desired,  for 
any  of  the  useful  purposes  to  which  they  are 
severally  applicable.  When  the  funeral  piles  of 
the  ancients,  witli  their  charge  of  human  relict, 
appeared  to  be  wholly  consumed,  and  left  the 
idea  with  survivors  that  no  base  use  could  be 
made,  in  after  time,  of  what  had  been  the  material 
dwelling  of  a  noble  or  beloved  spirit ;  the  flames 
had  only,  as  it  were,  scattered  the  everlasting 
blocks  of  which  a  former  ediiice  had  been  con- 
structed, but  which  were  soon  to  serve  again 
in  new  combinations. 

*'  Minute." 
The  following  are  interesting  particulars  in  the 
-  arts  or  in  nature,  helping  the  mind  to  conceive 
'  howrainutethe  ultimate  atoms  of  matter  must  be. 

Goldbeaters,  by  hammering,  can  reduce  gold 
to  leaves  so  thin,  that  282,000  must  be  laid  upon 
each  other  to  produce  the  thickness  of  an  inch ; 
yet  those  leaves  are  perfect,  or  without  holes,  so 
that  one  of  them  laid  upon  any  surface,  as  in 
gilding,  gives  the  appearance  of  soUd  gold.  They 
arc  so  thin,  that  if  fonned  into  a  book,  1,500 
would  only  occupy  the  space  of  a  single  leaf  of 
common  pajier  j  and  an  octavo  volume  of  an  inch 
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thkk  iRRiM  hmve  as  many  pages  as  the  boc^  of 
a  ^rdi-itociLed  ordinary  library  of  1,500  vcrfumes 
wstii  4O0  pages  in  each. 

S^  dumm'  than  this  is  the  coatii^  of  gcid^ 
i^iOD  the  sihrer  wire  €t  what  is  called  gold  lace, 
we  are  not  sore  thatsiKJi  coatii^isof  <inly 


fUaiian  and  sihr»  can  be  dnwn  into  wire 
flnadi  Akt  than  human  hair. 

A  enin  crfT  bfaie  vitrioi,  or  caradne,  wiD  tii^ 
a  ^iaBon  of  water,  »  that  in  ever^r  drop,  the 
rnkiaar  nay  be  perceiTed. 

A  grun  of  noslL  will  scent  a  room  tat  twenty 
5«irs,  and  wiD  haTe  lost  little  of  its  wdgfat. 

The  canion  craw  smeOs  it!(  fixid  many  miles 

A  bumi  wr  taper  uncev\i»ed  fivr  a  91^^  instant, 
dmii^  whkh  it  doe$  nw  lose  l^OOOlh  of  a 
gnia,  w(wU  <U  with  £i;ht  a  sphere  ftor  miles  in 
dijunoter^  5ii>  »  tx>  be  \i$dd^  in  evwy  part  of  it. 

The  tkoetad  of  the  $dlk-^irarm  is  %  smaD,  that 
m«i\y  <A  ih^fn  ai>e  twi<9ed  tii^vedier  to  fiMnn  our 
tinesi  <»^mirwj  riirwd ;  bii:  tibai  of  Ae  ^pder  is 
5iTwilVir  5ailX  fi\r  iw^  <irjir}iTfSi  of  ii  by  weight, 
WMid^    Twirfi    trvwi    l^NTkiwi  TO   EcKifeimgh,  or 

w?rta»  v«j«Hi5vk^  imv^  t^wm  iim:r»i  iJie  uncros- 

xtiurn,  h»  5axjtfiii^ci  ttucta  ^'if  ilw^^r  ^Tti  nrcMis  as 
Mmgik\  »  Tirt^r  «  lirr  ^v^vJil^  .ir  tikifihsm^  and 
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their  bodies  consist  of  tiie  same  substances,  or 
ultimate  atoms,  as  that  of  man  himself.  In  a 
single  pound  of  such  matter,  there  are  more  living 
creatures  than  of  Iiuman  beings  on  the  tace  of  this 
globe.  What  a  scene  has  the  microscope  opened 
to  the  admiration  of  the  philosophic  inquirer ! 

Water,  mercury,  sulphur,  or,  in  general,  any 
substance,  when  sutficientiy  heated,  rises  as  invi- 
sible vapour  or  gas;  that  is,  it  is  reduced  to  the 
aeriform  state.  Great  iieat,  therefore,  woidd 
cause  the  whole  of  the  material  universe  to  dis- 
appear, and  tlie  most  solid  bodies,  to  become  as 
invisible  and  impalpable  as  the  air  we  breathe. 
Few  have  contemplated  an  annihilation  of  the 
world  more  complete  than  this. 

"  Matter" 
The  inconceivable  minuteness  of  ultimate  atoms, 
as  shewn  above,  has  led  some  inquirers  to 
doubt  whether  there  really  be  matter  ;  that  is, 
whether  what  we  call  substance  or  matter,  have 
existence  or  not.  In  answer  to  this,  besides  the 
proofs  of  indestructibility  already  mentioned, 
and  which  seem  conclusive,  it  has  been  usual  to 
adduce  the  fact,  that  every  kind  or  portion  of 
matter,  obstinately  occupies  some  space,  to  tlie 
exclusion  of  all  other  matter  from  that  particu- 
lar space.  And  tliis  occupancy  of  space,  is  the 
simplest  and  most  complete  idea,  which  we  have 
of  material  existence.  The  awkward  word  im- 
penetrability has  been  used  to  express  it,  as 
applied  to  the  individual  atoms  of  matter.  The 
following  are  eluciilations. 
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We  cannot  push  aoe  billiard  baD  into  die  sab- 
stance  of  anodier,  and  thai  a  second,  and  then  a 
tfaird»  and  so  mi ;  <»-  the  matmal  of  the  univciae 
flH^fat  be  absorbed  in  a  point. 

A  hunp  ot  iron  mi  a  suf^poit  will  resist  tke 
weight  of  diomands  ot  pounds  laid  iqpon  it»  and 
pressing  to  descend  into  its  place ;  and  aldioiigfa  a 
rerj  great  weight  might  crush  or  beak  it  into 
pieces,  it  could  not  annihilate  one  partide.  In  a 
fivcnurnumoL  or  in  ftramah's waternress.  nuI&NMi 


of  pounds  cannot  pixsh  the  jHston  down,  unless  the 
water  bdow  it  be  allowed  to  escape. 

A  wd^it  laid  iqpon  Uaddars  full  of  air  is  sup- 
ported in  the  same  mannv. 

A  ^ass  tube,  left  opod  at  bottom,  iriiile  die 
thumb  closes  the  t<^  if  pressed  firmn  air  into 
wat^*,  does  not  fill  with  water,  because  die  air 
contained  in  it  resists;  but  if  the  air  be  allowed  to 
escupe  hj  raoEiOTing  the  thumb  firom  the  top^  it 
fills  immediatdy  to  the  levd  of  the  water  around  it. 
A  goblet  ot  basin  pushed  into  water  in  the  same 
way,  widi  themoudi  downwards,  does  not  fill  with 
wat»  fw  the  like  reason ;  and  if  the  goUet  be 
iuTerted  over  a  litde  floatii^  lighted  txp&t^  this 
will  continue  to  fioat  under  die  vessd,  and  to  bum 
in  die  contained  air,  however  deep  in  the  watar  it 
may  be  carried :  bdng  a  light  b^w  watar,  and 
emblematic  of  the  living  inmate  of  a  diving  beD, 

which  is  mordy  a  larger  goblet  widi  a  man  instead 
of  acandk. 
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"  Mutual  Altractiorf'  (see  ilie  analysu,  page  5th). 
Any  visible  mass  or  lump  of  matter,  then,  as  of 
metal,  salt,  sulphur,  &c.,  we  know  to  be  really  a 
collection  of  dust,  or  minute  atoms,  which  some- 
thing causes  to  cohere  or  cling  together;  yet 
there  are  no  hooks  to  connect  them,  nor  nails, 
nor  glue,  and  the  connexion  may  be  broken 
a  thousand  times,  by  processes  of  art,  or 
otherwise,  but  is  always  ready  to  form  again, 
and  the  property  is  no  more  destroyed  by  inter- 
ruption, than  the  weight  of  a  thing  is  destroyed 
by  its  being  lifted  often  from  the  ground ;  or 
the  attraction  of  a  magnet  and  mass  of  iron  by 
their  being  often  separated.  The  phenomena 
of  attraction  or  repulsion,  when  at  considerable 
distances  particularly,  are  among  the  most  ex- 
traordinary things  which  the  human  mind  has 
to  contemplate ;  and  although  the  manner  or 
laws  of  tliese  actions  are  now  well  understoodj 
they  are  ultimate  lacts  that  admit  of  no  ex- 
planation in  the  present  state  of  science.  The 
general  nature  and  importance  of  attraction  will 
be  gathered  from  the  following  facts. 

Logs  of  wood  floating  in  a  pond  approach  each 
otlier,  and  afterwards  remain  in  contact. 

The  wreck  of  a  ship,  in  a  smooth  sea  after  a 
storm,  is  often  seen  gathered  into  heaps. 

Two  bullets  or  plummets  suspended  by  strings 
near  to  each  other,  ai'e  found  by  the  delicate  test 
of  the  torsion  balance,  to  attract  each  other,  and 
therefore  not  to  hang  quite  perpendicularly. 

A  plummet  suspended  near  the  side  of  a  moun- 
B  4 
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tain,  inclines  towards  it,  in  a  degree  proportioned 
to  its  magnitude;  as  was  ascertained  by  the  well- 
known  trials  of  Dr.  Maskeleyne  near  the  mountain 
Skehalion,  in  Scotland. 

And  the  reason  why  the  plummet  tends  much 
more  strongly  towards  the  earth  than  towards 
the  hiU,  is  only  that  the  earth  is  larger  than  the 
hUl. 

And  at  New  South  Wales,  which  is  a  point  on 
our  globe  nearly  opposite  to  England,  plummets 
hang  and  fall  towards  the  centre  of  the  globe, 
exactly  as  they  do  here,  so  that  they  are  hanging 
up  and  falling  towards  England,  and  the  people 
there  are  standing  with  their  feet  towards  us. 
Weight,  therefore,  is  merely  general  attraction 
acting  every  where. 

But  it  is  owing  to  this  general  attraction  that 
QUI  earth  itself  is  a  globe.  All  its  parts  being 
drawn  towards  each  other,  that  is  towards  a  com- 
mon centre,  the  mass  assumes  the  spherical  or 
rounded  form. 

And  the  moon  also  is  round,  and  all  the  planets 
are  round ;  the  glorious  sun,  so  much  larger  than 
all  these,  is  round:  proving  that  all  must  at  one 
time  have  been  fluid,  and  that  they  are  all  subject 
to  the  same  law. 

Other  instances  of  roundness  from  this  cause 
are — ^the  particles  of  a  mist  or  fog  floating  in  air — 
these,  mutually  attracting  and  coalescing  into 
larger  drops,  and  forming  rain— dew  drops— water 
trickling  on  a  duck's  wing — the  tear  dropping  from 
the  cheek — drops  of  laudanum — ^globules  of  mer- 
cury, like  pure  silver  beads,  coalescing  wKen  near. 
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and  forming  larger  ones — melted  lead  allowed  to 
rain  down  from  an  elevated  sieve,  which  cools  a8"J 
it  descends,  so  as  to  retain  the  form  of  its  liquid  j 
drops,  and  becomes  the  spherical  shot-lead  of  the  \ 
sportsman. 

The  cause  of  tlie  extraordinary  phenomenonj  ' 
which  we  call  attraction,  acts  at  all  distancest  \ 
The  moon,  though  240,000  miles  from  the  earthy  ■] 
by  her  attraction,  raises  the  water  of  the  ocean  •' 
under  her,  and  forms  what  we  call  the  tide.  t 

The  sun,  still  farther  off,  has  a  similar  influence  ; 
and  when  the  sun  and  moon  act  in  the  same  direcs-J 
tion,  we  have  the  spring  tides. 

The  planets,  those  apparently  little  wanderii^a 
points  in  the  heaven,  yet  affect  by  their  attractioni:'! 
the  motion  of  our  earth  in  her  orbit,  quickeningil 
it  when  she  is  approaching  thera,  retarding  it  T 
when  she  is  receding. 

The  attraction  is  greater  the  nearer  the  bodies  are 

to  each  other;  just  as  the  light  of  a  taper  is, 

more   intense  near  to    it   than    at    a  distance. 

A  board  of  a  foot  square,  at  a  certain  distimce 

from  a  light,  just  shadows  a  board  of  two  feet 

square  at  double  distance ;  but  a  board   with  a 

side  of  two  feet  has  four  times  as  much  surface  as 

a  board  with  a  side  of  one  foot,  as  is  seen  in  tlie 

Jigure. 


where 


C  represents  the  place  of  a  light,    AB  a 
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sqpiare  board  at  m  ccTtaiB  dislaiioe  from  it»  and  ED 
a  dndowed  board»  of  wlik^  theaideisjusttwiGe 
as  kn^  at  dooliJe  dlisUnce,  and  of  wliidi  ooe  fbut^ 
as  Ae  OQfner,  FIX  is  eq^  to  the  wbcie  q£  tiie 
smaller  square^  AK  And  thus  li^bt,  aad  attcap* 
tioB^  aad  indeed  eray  inAooKe  from  a  central 
pooiit,  decreases  in  the  saaie  praportioii,  vul,  it  is 
ool^  oneibiirtli  as  stroll^  at  double  distance^  or  ftur 
tiflKs  as  strong  at  half  ^stance  ;  and  in  ltt:e  man- 
ner for  aO  distances^ 

Whatwe^is  1,000  lbs.  at  die  sea^sbor^  weighs 
five  lbs.  less  at  the  top  of  a  bi^  mowrtam  or 
raised  in  a  balloon;  and  at  the  distance  of  the  moon, 
its  wd^it  or  ferce  towards  the  earth  is  diminished 
tofireoonces,  as  is  pnwed  by  astronomical  tests. 

AitracHom  has  received  different  names,  as  it  is 
found  actiDg  under  different  circumstancres. 

Grm^iMkm  is  the  name  giv^oi  to  it,  whai  acting  at 
a  distance,  as  in  the  cases  of  the  mocm  fiftiog  the 
tides— 4he  sun  and  earth  attracting  each  other — 
a  stone  fidling,  &c« 

CoktMm  is  the  name,  when  acting  at  very  short  dis- 
tances, as  in  keejang  the  atixns  ot  a  mass  toge- 
ther. 

At  first  sight  it  mi^it  ^ppext  that  it  cannot  be 
the  same  cause  which  draws  a  piece  of  iron  to  the 
earth  with  the  moderate  force  called  its  wd^t, 
and  which  ke^  the  constituent  atoms  of  the 
iron  in  such  strong  cohesion ;  but  wh^n  we  recol- 
lect Ae  law  that  attraction  is  stnwger  as  the  tlungs 
are  nearer  to  each  other,  the  difficulty  vanishes. 
Atoms  in  absohite  contact  would  be  a  millibn 
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times,   nay,  infinitely  nearer  to  each  other,  than 
when    only   a  quarter    of    an     inch    apart,    and  i 
therefore  if  the  heat  among  them  allow  them  to 
approach  near  to  each  other,  the  atoms  of  any  coi 
hering    mass    must    attract  mutually  with  great 
force.     Were  it  not  that  the  surfaces  of  bodies  ai* 
in  genera!  so  very  rough  and  irregular,  that  if  api 
pKed  to  each  other,  they  can  only  touch,  perhaps^  , 
in  four  or  five  points  out  of  a  million  which  th«  ] 
surface  contains,  bodies  would  be  invariably  stick*  J 
ing  together  or  coliering  by  accidental  contact. 
Besides   this    irregularity    of  surface,     however,  I 
there  is  another  reason  explained  a  little  further  aify 
which  prevents  such  cohesion.     The  effect  of  artfc  J 
ficially  smoothing  the  touching  surfaces  is  seen  i 
the  following  examples : — 

Similar   portions   being   cut  off  with   a   cleaa  I 
knife  from  two  leaden  bullets,  and  the  fresh  sur- 
faces  being  then   brought  into   contact,    with  a  J 
slight    turning   pressure,  the  bullets  will  cohere^  1 
almost  as  if  they  had  been  originally  cast  together.  [ 

Fresh  cut  surfaces  of  India  rubber  or  caoutchouc  ] 
adhere  perfectly  :  we  are  hence  enabled  easily  to 
make  elastic  air-tight  tubes,  by  cutting  off  thfe  1 
edges  of  a  strip  of  India  rubber  and  bringing  the  ' 
cut  surfaces  into  contact  round  a  pencU-case  at 
such  thing,  and  fixing  them  there  for  a  time  with  i 
tape  or  cord. 

Two  pieces  of  perfectly  smooth  plate  glass  of  J 
marble,  laid  upon  each  other,  adhere  witii  gr^J 
force. 

So  also  any  other  two  well-polished  and  per- 
fecUy  fiat  surfaces. 
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A  flat  piece  of  glass,  balanced  at  the  end  of 
a  weighing  beam,  and  then  allowed  to  come  into 
cantect  with  water,  will  be  found  to  adhere  to  this, 
with  much  more  force  than  the  weight  of  water 
remaining  upon  it,  when  it  is  again  forcibly  raised. 
TTus  proves  the  cohe^n  or  attraction  of  the 
wat^r  particles  among  themselves,  as  well  as  to 
the  glass ;  for  otherwise  the  solid  body  could  only 
be  held  down  by  the  weight  of  the  water  which 
xiirectly.  adhered  to  it. 

The  particles  of  water  cohere  strongly  enough 
among  themselves,  for  small  needles  gently  laid  on 
the  surface  to  float ;  because  the  weight  of  these 
is  not  sufficient  to  overcome  the  cohesion  of  the 
water  surface. 

^  For  the  same  reason  many  light  insects  can 
walk  upon  the  surface  of  water  without  wetting 
themselves. 

It  is  chiefly  the  different  degrees  of  the  attrac- 
tion of  cohesion  in  different  liquids  that  make 
their  drops  or  gutts  from  the  lip  of  a  phial  to  be  of 
different  magnitude.  Sixty  drops  of  water  from 
a  phial  fill  the  same  measure  as  100  drops  of 
laudanum  from  the  same  phial. 

A  liquid  is  a  mass  in  which  the  attraction  of 
cohesion  is  not  so  strong  among  the  particles  as 
the  attraction  of  gravitation,  and  therefore  they 
sink  down  until  they  come  to  a  level,  as  will  be 
fully  explained  in  a  future  chapter. 

Attraction  is  called  capiUary  when  it  acts  between 
solids  and  liquids  where  the  solid  is  tubular  or 
with  empty  spaces  in  it. 
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An  open  glass'  tube,  partially  immersed  in  water, 
will  have  the  water  within  it,  always  standing 
above  the  level  of  that  on  the  outside ;  and  the 
diflference  of  level  will  be  greater  as  the  tube  is 
less,  because,  in  small  tubes,  the  glass  all  round 
being  nearer  to  the  raised  water,  attracts  it  more 
powerfully. 

Between  two  plates  of  glass  placed  near  to 
each  other,  the  same  rising  of  the  water  is  ob- 
served ;  and  if  they  are  nearer  at  one.  perpen- 
dicular edge  than  at  the  other,  the  surface  of  the 
suspended  water  forms  a  certain  curve. 

In  pouring  water  from  a  mug  or  bottle  lip,  the 
water  will  not  fall  perpendicularly  at  first,  but 
will  run  down  along  the  inclined  outside  of  the 
vessel,  chiefly  in  consequence  of  the  attraction 
between  this  and  the  water ;  hence  the  difficulty 
of  pouring  from  a  vessel  without  a  projecting  lip. 

A  piece  of  sponge  or  a  lump  of  sugar  touching 
water  by  its  lowest  comer,  soon  becomes  moistened 
throughout. 

The  wick  of  a  lamp,  lifts  the  oil  to  supply 
the  flame,  from  two  to  three  inches  below  it. 

A  mass  of  cotton  thread  hanging  over  the  edge 
of  a  glass  of  water  will  empty  it,  as  a  syphon  would. 
A  towel  will  empty  a  basin  of  water  in  the ,  same 
way. 

Dry  wedges  of  wood  driven  into  a  circular 
groove  round  a  pillar  of  stone,  and  then  moistened, 
swell  so  as  to  rive  off*  the  portion  from  the  block. 
Millstones  are  thus  cut  off*  from  the  rock,  in  some 
quarries  of  Germany.  ^■ 

An  immense  weight  or  mass  may  be  raised  a 
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little  way,  by  tightening  a  dry  rope  fastened  over 
it»  and  then  wetting  the  rope. 

At  one  time  the  small  vessels  of  vegetables,  wete 
supposed  to  raise  the  sap  from  the  roots,  by  ^pil* 
liury  attraction,  but  this  is  known  now  to  be  an 
action  of  vegetable  life. 

Attraction  has  got  the  name  of  chemical  attraction 
or  qffinitj/j  when  it  unites  the  atoms  of  two  or 
more  distinct  substances  into  one  perfect  com- 
pound. 

There  are  about  fifty  substances  in  nature  which 
appear  in  the  present  state  of  science, '  distinct 
from  each  other,  and  are  therefore  called  kinds  qf 
matter :  such  are,  the  forty  metals,  sulphur,  phos- 
phorus, &c. ;  but  whether  these  are  really,  originally 
and  essentially  different,  or  are  all  only  the  one, 
simple  primordial  matter,  modified  by  circum- 
stances as  yet  unknown  to  us,  we  cannot  how 
positively  determine. 

Diamond  and  pure  black  carbon  are  the  same 
substance,  only  the  atoms  are  differently  arranged; 
and  the  soft  steel  which  the  graver  cuts  as  it  would 
copper  or  silver,  is  exactly  the  same  substance  as 
after  being  tempered  by  heating  and  sudden 
cooling,  it  has  become  as  hard  nearly  as  diamond 
itself.  Yet  these  differences  are  greater  than  ap- 
pear between  some  substances,  which  we  now  ac- 
count essentially  distinct. 

It  is  found  however,  that  the  atoms  of  different 
substances  will  not  cohere  and  unite  indifferently, 
as  atoms  of  the  same  kind  do,  but  that  there  are 
singular  preferences  and  dislikes   among  them. 
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if  it    may  be  so  expressed ;  and  when  atoms   of 
two    kinds  do  combine,  the  resulting  compound  '1 
generally  loses  all  resemblance  to  either  of  the  I 
elements. 

Sulphuric  acid  will  unite  with  copper  and  forn  I 
a  beautiful  translucent  blue  salt ;  with  iron  it  will 
form  a  green  salt;  but  ii'a  piece  of  iron  betlirown 
into  a  solution  of  the  copper  salt,  the  acid  oi'  that 
will  immediately  let  fall  the  copper,  and  take  up 
or  dissolve  the  iron.  Sulphuric  acid  will  not  unite 
with  or  dissolve  gold  at  all. 

Twenty-five  parts  of  quicksUver  and  four  of 
sulphur  unite  and  form  the  paint  called  vermilion. 
The  twenty-five  of  quicksilver,  with  two  parts 
of  sulphur,  fonn  the  black  mass  called  Ethiop's 
mineral. 

One  hundred  parts  of  lead  and  eleven  of  oxygen 
gas  from  tlie  atmosphere,  unite  and  form  what  is 
called  red  lead,  used  by  painters. 

Sea  sand,  or  flint,  and  the  salt  called  soda,  when 
heated,  unite  together  and  form  that  most  useful 
substance  called  glass. 

Chemical  attraction  operating  thus,  does  not  in 
the  slightest  degree  interfere  with  general  attrac- 
tion or  gravity,  for  113  grains  of  sulphur  and  100 
of  iron  combined  and  forming  those  beautiful 
cubes  of  pyrites,  or  gold-Uke  metal,  which  are  seen 
in  slate,  weigh  exactly  213  grains ;  and  as  much  in 
combination  therefore,  as  they  did  when  weighed 
separately ;  and  thus  of  all  other  things. 

The  history  and  classification  of  all  these  facts, 
connected  with  the  combinations  and  analysis  of 
different  substances,  constitute  the  science  of  che- 
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mistiy — SO  amusing  and  so  useful.  This  science 
explains  how  the  fifty  kinds  of  matter  which 
we  have  mentioned,  by  combining  variously, 
form  an  endless  diversity  of  substances,  which 
constitute  the  mass  of  our  globe.  The  causes  of 
these  various  chemical  modifications  of  attraction, 
are  yet  much  hidden  from  us. 

It  is  a  remarkable  thing  that  when  different  sub- 
stances combine  in  the  way  now  described,  the 
proportions  of  the  ingredients  are  always  unifortn, 
and  such  as  seem  to  prove  that  for  every  atom  of 
one  substance  there  is  one  or  two  or  three  of  the 
other.  Thus,  if  there  be  ten  atoms  of  one  sub- 
stance, there  must  be  exactly  ten  of  the  other,  or 
twenty  or  thirty ;  but  there  is  never  an  interme- 
diate number,  as  13  or  23  to  10,  for  then  an  atom 
of  the  compound  would  consist  of  one  atom  of 
the  first,  and  of  one  and  three-tenths,  or  two  iand 
three-tenths,  &c.  of  the  second  substance,  which 
is  absurd,  as  the  atom  is  indivisible.  For  instance, 
a  certain  number  of  atoms  of  quicksilver,  which 
weigh  twenty-five  grains,  combine  with  a  cer- 
tain number  of  atoms  of  sulphur,  weighing  two 
grains,  and  form  a  black  compound  caUed  Ethiop*s 
mineral,  or  black  sulphuret  of  mercury  ;  and  if  a 
little  more  of  either  ingredient  be  added,  it  lies  as 
a  foreign  mixture  in  the  sulphuret  of  mercury ; 
but  if  just  as  many  more  atoms  of  sulphur  be  added 
as  at  first,  so  that  there  may  be  double  proportion 
to  each  atom  of  the  mercury,  a  perfect  combi- 
nation of  all  will  take  place,  and  the  substance 
will  appear  which  we  call  vermilion.  Many  ele- 
mentary substances  will  only  unite  in  one  of  these 
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proportions,  so  Uiat  any  two  such  only  form  one 
compound :  but  others  unite  in  several  propor- 
tions, and  two  or  more  distinct  compounds  arise 
out  of  the  same  two  elements. 

It  thus  appears,  that  although  we  do  not  know 
the  exact  number  of  atoms  in  a  given  quan- 
tity of  any  substance ;  whether,  for  instance,"  a 
grain  of  sulphuret  of  mercury  has  more  or  less 
than  a  million  of  them ;  still  we  know  that  in  that 
grain  there  ai*e  just  as  many  atoms  of  sulphur 
as  of  mercury — and  as  the  weight  of  the  twhole 
sulphur  to  that  of  tlie  whole  mercury  is  as  two  to 
twenty-five,  we  know  that  the  single  atoms  must 
have  the  same  relation. 

tables  have  been  formed  shewing  the  compara- 
tive weights  of  the  atoms  of  different  substances, 
and  the  number  standing  opposite  to  each  sub- 
stance is  called  its  equivalent  number — that  is  to 
say,  the  weight  of  its  atom  compared  with  the 
weight  of  the  standard  atom.  And  the  equivalent 
of  a  compound  aubstance,  must  be  the  sum  of  the 
equivalents  of  the  ingredients,  because  a  com- 
pound atom  contains  an  atom  of  each  of  the  in- 
gredients. 

Besides  the  simple  cases  of  attraction  now  men- 
tioned, there  are  two  curious  modifications 
called  electrical  and  magnetical  attractions, 
which,  from  their  peculiarities,  are  reserved  for 
consideration  in  a  future  division  of  this  work* 
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■ 

"  Various  Form  and  Magnitude^*  {see  the  anabfm\ 

The  form  and  magnitude  of  bodies  are  often  of 
greater  importance  to  man  than  the  particular  na- 
ture of  the  substances  themselves ;  as  for  instance^ 
the  form  and  magnitude  of  a  column,  than  whether 
it  be  made  of  marble,  or  porphyry,  or  granite. 
Hence  the  necessity  to  man  of  being  able  to  com- 
pare magnitudes  and  quantities,  and  therefore,  of 
having  ready  standards  of  comparison,  or  measures 
of  all  kinds.     The  simplest  have  been  chosen. 

As  regards  number^  he  counts  by  the  lingers  of 
the  hand,  that  is,  by  fives  and  tens.  Common 
arithmetic  is  merely  saying  how  many  tens  any 
quantity  contains — 100  is  10  tens,  1,000  is  100 
tens,  and  so  on.  Eights  or  twelves  would  have  an- 
swered as  well  for  many  purposes,  and  better  for 
some,  but  as  the  ten  fingers  were  the  readiest 
objects  of  reference,  ten  is  the  standard  now  gene- 
rally established. 

As  regards  lengthy  the  foot  (of  a  full-sized  man) 
has  been  the  common  standard.  Of  old,  the 
cubit  or  forearm — ^the  fathom — ^the  pace,  were  also 
much  used,  and  the  repeated  applications  of  such 
measures,  numbered  by  the  fingers,  or  by  tens,  as 
already  stated,  answered  to  measure  any  length  or 
distance. 

As  regards  surfaces^  the  standards  used  have 
been  the  simplest  conceivable  forms, — ^the  circle, 
square,  triangle,  &c. 

And  in  solid  magnitudes,  corresponding  forms 
have  served — the  globe  or  sphere,  the  cube  or 
solid  with  square  sides,  the  pyramid  and  cone. 

The  parts  of  the  human  body  mentioned  above 
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as  used  for  measures  of  length,  vary  of  course 
with  die  size  of  the  individual,  and  are  not 
therefore  fixed  afld  general  standards;  and  if 
the  human  race  undergo  any  change  of  stature 
in  the  course  of  ages,  as  some  have  supposed, 
the  recoixls  of  measurements,  preserved  in  remote 
lustory,  must  be  inaccurate  for  the  present  times* 
Now  as  the  measure  of  length  becomes  really  the 
universal  measure ;  because  surfaces  are  measured 
by  the  length  of  their  sides,  and  solids  by  that  of 
their  diameters,  and  weights  by  the  tendency 
downward  of  a  certain  sized  solid;  the  accuracy  of 
modem  science  has  sought  some  fixed  and  jiatural 
standard,  belonging  equally  to  all  times  and  coun- 
tries and  races  of  men.  Recently,  two  such  have 
been  fixed  upon.  The  one  is  the  length  of  a  pen* 
dulum  that  beats  seconds  under  known  circum* 
stances.  The  other  is  the  circumference  of  our 
globe  itsel£  The  size  of  the  earth  has  now  been 
accurately  ascertained,  by  careful  measurements 
of  loMiwn  segmenl^of  it  in  various  situations,  and 
the  French  nation  have  adopted  the  40  millionth 
part  of  the  circumference  (nearly  the  English 
yard),  as  their  general  standard ;  and  upon  it,  as  a 
basis,  have  erected  the  most  perfect  decimal 
system  of  measures  which  the  world  has  yet  seen. 
This  system  is,  of  course,  as  natural  to  all  other 
countries  as  to  France,  and  may  probably  at  last 
become  common  to  all,  and  with  infinite  advan- 
tage to  all. 

The  whole  science  of  numbers,  in  its  highest 
flights,  is  merely  comparison  of  the  various  stand* 
ards,  described  aboverifi^ith  each  other  \  or  of  other 

c  2 


;H  COXSnTUTKH^    OF   HAKUOL 


and  qujuitities  with  these.  And  the  standards 
aie  DOW  so  fiumiliar  to  all  men  living  in  civilized  sck 
cietTy  £rwn  types  or  exanqdes  being  constantly 
irader  view»  that  almost  ev^y  person  arrived  at 
vears  of  discreti<xi  knows  them  well,  and  is' there- 
tote  lealhr  acquainted  with  many  of  the  iund»- 
■Matil  truths  of  mathematics;  and  such  persons 
are  daily  acting  in  obedience  to  these  truths  as 
dfeesr  guides^  without  thinking  that  they  are 
practical  MaMMMtlidiiOKfs  like  the  iHilente  gentle* 
man  in  the  comedy,  who  had  been  speaking  jvtMe 
all  his  da\^  without  suspectii^  that  he  was  ct^ 
pahle  of  dmng  any  thing  so  learned. 

It  is  remarkable  how  mucb  the  realbr  sinqde 
and  attracti\>^  scieiKV  ot' comparing  ipantitiea,  in 
other  words,,  the  mrmr  ^^^nMsamss.  or  mMiinmtkt, 
has  been  lendered  terrible  to  the  great  mass  of 
mamkindp.  bv  the  min^t^nr  with  which  it  was  aor- 
rounded  in  eariv  timetSv  and  which  still»  under  the 
baibanMS  namec^  borrowed  tirom  all  languago^  of 
anranrtic»  li^piw^Mk  jnurMi/^  ^jjfiwMftnpi^  aMntaMftci^ 
&c.  deters  ctwamon  nunds^  tram  the  smdT«  Theae 
wimer  have  kwi^  $uifice\l  ti>  coKml  the  beautiful 
simfifiintT  and  u;$e$  of  the  :$«rie»ce^  whidk  lie 
iwad^r  them;  but  men  ot'taWni  aw  now  employed  in 
:mM^>thu^  the  axenoe^  ti>thet$iMieiKMKi.bytiana- 
fami^  die  old  teclmk-tdQcM^  of  the  :$icsemce  into  the 
(vnuoKK  fciincw^r^  an^  will  thu^  pnAdhhr*  soon 
(ifefttbe  oaMt  ui$ik^  pduct^  to  the  ewy  readi  of 
onmtioa  uifcJfcergiakBi^feHiys^  actid  ^ne'  vx«»Mn  kiaiie^ 
Ihr  the  smfee  omuks^  Jliwfmnni  ^naw  mnj  be 
amawi.  ioi  atl  ci»$«(t^  of  ^s^niety.  ti>  jnn  ioi  the 
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It  is  a  common  saying,  that  natural  philosophy 
is  altogether  founded  on  mathematics,  or  the  sci- 
ence ot'number — and  it  is  a  perfectly  true  saying ; 
but  a  faulty  understanding  of  this  truth  has 
needlessly  excluded  the  great  mass  of  mankind 
from  the  enjoyment  and  advantages  which  the 
study  of  natural  philosophy  is  calculated  to  afford. 
It  has  hence  not  been  suspected  that  the  ma- 
thematics of  common  sense  and  observation,  as 
described  above,  and  which  all  men  possess,  is 
perfectly  sufficient  for  understanding  the  great 
laws  of  nature,  provided  they  are  explained  in 
common,  and  not  in  technical  language.  Yet,  so 
much  of  unity,  simplicity,  and  haimony,  are 
there  in  this  universe  which  surrounds  us,  that 
even  the  simplest  properties  of  the  few  standard 
quantities  and  forms  mentioned  above,  are  those 
which  give  exact  cognizance  of  the  most  impor- 
tant circumstances  in  the  phenomena  and  states 
of  nature. 

The  sublime  law  of  attraction  or  gravity,  the 
discovery  of  which  alone  would  have  immor- 
talized our  Newton,  was  easily  illustrated  at  page 
13,  by  reference  to  a  succession  of  boards,  which 
exactly  shadow  each  other,  when  placed  in  a  row 
from  a  candle. 

Although  the  degree  of  acquaintance  with  the 
science  of  measures,  which  is  general  among  civi- 
hzed  men,  is  thus  sufficient  to  enable  them  to 
comprehend  the  great  laws  of  nature,  yet  the  man 
who  has  practically  to  apply  his  knowledge  to  par- 
ticular cases,  must  generally  be  ready  with  his 
arithmetic,  and  other  technical  aids  j  as,  for  in- 
c  3 
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sponge, ;  citfaer«>  hiive  accxiunted  it  meneihr 
bration  among  tJie  atoms.  The  truth  i^ 
know  little  more  of  beat  ai»  a  caut»e  of 
than  of  gravity  ai»  a  cau*ie  oi  attractioQ :  but  ve 
can  study  and  clasafy  the  phenomena  of  both 
most  accurately. 

Wben  a  continued  addition  of  heat  is  ande  to 


REPULSION    OF    HEATi  ^7 

any  body,  it  gradually  increases  the  distance  of  the 
constituent  atoms,  from  each  other ;  first,  dilating 
the  body;  secondly,  softening  it  if  solid,  and 
melting  or  fusing  it,  that  is  reducing  it  to  the 
state  of  liquid,  by  overcoming  the  attraction  of 
cohesion;  tjhiirdly,  repelling  the  atoms  to  still 
greater  distances  than  in  liquids,  and  converting 
the  substance  into  elastic  fluid  or  ain  Abstraction 
of  heat  causes  return  of  states  in  the  reverse  order. 

Ice  heated  becomes  water,  and  water  heated 
becomes  steam,  and  steam  coole4  becomes  water 
again,  and  water  cooled  becomes  ice.  Ice,  water 
and  steam,  therefore,  are  the  three  forms  or  states 
of  one  of  the  most  common  substances  in  nature, 
the  material  of  the  ocean. 

Other  substances  are  similarly  affected  by  heat, 
but  as  all  have  different  relations  to  it,  some 
requiring  much  for  liquefaction,  and  some  less, 
we  have  that  beautiful  variety  of  solids,  liquids, 
and  airs,  which  makes  up  our  external  nature. 

DUatatkm. — A  rod  of  iron,  which,  when  cold, 
will  pass  through  a  certain  opening,  and  will  lie 
lengthwise  between  two  certain  points,  when  heat- 
ed becomes  too  thick  and  too  long  to  do  either. 

For  accurate  measurement,  therefore,  the  rods  or 
chains  used  as  the  measure,  must  always  be  at 
the  same  temperature,  or  due  allowance  must  be 
made  for  the  difference. 

The  wall  of  a  building  had  begun  to  bulge  out, 
so  as  to  threaten  its  stability.  No  force  tried  could 
return  it  to  perpendicularity,  until  the  idea  occur- 
red  of  connecting  it  with  the  opposite  wall  by  bars 
of  mm :  these  wer6  then  heated  alternately  by 
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lamps  placed  under  them,  and  while  lengthened  in 
consequence,  nuts  were  screwed  tight  at  their 
extremities ;  so  that  on  again  cooling  and  con- 
tracting^  they  pulled  the  wall  back  to  its  place* . 

The  iron  rim  of  a  coach-wheel,  when  heated, 
goes  on  loosely  and  easily,  and  when  afterwards 
cooled^  it  binds  the  wheel  most  tightly,  giving 
incredible  firmness  and  strength. 

Hoops  on  masts  and  on  casks  act  in  the  same 
way. 

The  common  thermometer  for  measuring  de^ 
grees  of  heat,  is  a  glass  bulb  filled  with  mercury  or 

other  fluid,  and  having  a  narrow  tube  rising  from  it 
As  the  fluid  is  heated  it  expands,  and  rises  in  the 
tube,  marking  the  degree. 

A  flaccid  bladder  of  cold  air  when  heated  ap- 
pears full  and  will  even  burst. 

"  Liquid  and  Air!* 

A  piece  of  gold,  lead,  pitch,  ice,  sulphur,  or  of 
other  thing,  if  heated,  melts  or  becomes  liquid ; 
each  substance  requiring  however  a  different  de- 
gree of  heat-^gold  requires  5000  degrees,  lead 
600,  ice  32,  and  so  forth;  and  if  the  heating 
be  afterwards  continued,  most  things  at  par- 
ticular temperatures  suddenly  expand  again  to 
many  times  the  liquid  volume,  and  are  then  called 
aeriform  fluids. 

The  conversion  of  water  into  steam  is  familiarly 
known  to  all.  One  pint  of  water  driven  off  as 
steam  from  the  boiler  of  a  steam  engine,  filk  a 
space  of  nearly  2000  pints,  and  raises  the  pishm 
through  this,  with  a  force  of  many  tiiousands  of 
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pounds:  it  immediately  after  appears  again  in  the 
cold  condenser  as  a  pint  of  water. 

Six  times  as  much  heat  is  required  to  convert  a 
pint  of  water  into  steam,  as  to  raise  it  from  cold 
to  boiling  temperature  ;  but  as  the  steam  occupies 
nearly  SOOO  times  the  space  of  the  water,  this 
proves  that  heat  merely  produces  a  repulsion 
among  the  particles,  and  by  no  means  fills  up  the 
interstices.  The  steam  confined  above  boiling 
water,  does  not  appear  hotter  to  the  thermometer 
than  the  water  itself:  its  excess  of  heat  tht-refore 
received  the  name  of  latent  heat  from  Dr.  Black, 
whose  geoins  shed  such  a  uselul  Hght  on  this 
part  of  knowledge. 

The  latent  heat  of  common  air  is  made  sensible 
in  the  match  fringe.  In  this,  the  piston  is  driven 
down  quickly  and  strongly,  so  as  to  compress  very 
much,  the  air  which  is  underneath  it,  and  the  heat 
then  squeezed  out  of  that  air,  or  condensed  with 
it,  is  sufficient  to  light  a  match  attached  to  the 
bottom  of  the  piston. 

Not  only  are  spirits,  aethers,  oils,  &c.  convertible 
into  steam  or  vapour,  as  water  is ;  but  sulphur, 
phosphorus,  mercury,  and  indeed  all  the  metals 
and  elementary  substances ; — some  oi'them  require, 
however,  most  intense  heats. 

The  varieties  of  form,  then,  in  the  bodies  on 
the  face  of  this  earth,  are  merely  accidental ;  as  de- 
pending on  the  temperature  of  the  earth,  and  have 
nothing  to  do  with  the  permanent  nature  of  the 
things. 

In  the  planet  Mercury,  which  is  near  the  sub, 
resin,  tallow,  wax,  and  many  vegetable  substances 
deemed  by  us  naturally  solid,  would  all  be  liquid. 
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as  oil  is  with  us  ;  and  a  mixture  of  tin,  zinc,  and 
lead,  which  with  us  is  solid  metal,  woiild  there 
be  liquid  like  our  quicksilver.  Our  water,  oils,  and 
spirits,  would  there  all  be  in  the  state  of  steam  or 
air,  and  could  not  be  known  as  liquids  at  all,  ex- 
cept  by  cooling  processes  and  compression,  such 
as  we  have  lately  learned  to  use  for  reducing  our 
different  airs  to  the  form  of  liquids. 

In  the  cold  planet  Herschell  again,  which  is 
nineteen  times  farther  from  the  sun  than  our  earth, 
water  can  only  be  known  as  a  rock  crystal,  which 
fire  would  have  to  melt  as  it  does  glass  with  us :  our 
oils  would  be  as  butters  or  resins,  and  quicksilver 
might  be  hammered,  as  lead  or  silver  is  with  us. 

On  our  own  earth,  near  the  equator,  common 
sealing-wax  will  not  retain  impressions ;  butter 
is  oil  in  the  day,  and  a  soft  solid  at  night ;  and 
tallow  candles  cannot  be  used. 

Near  the  pole,  in  winter,  the  quicksilver  from  a 

^broken  thermometer  is  a  solid  mass  of  metal ;  water 

must  be  melted  by  fire  for  use :  oils  are  solid,  &c. 

To  judge  then  of  the  constitution  of  nature 
aright,  we  must  always  take  extended  surveys, 
and  not  allow  prejudice  to  mislead  us,  as  was 
the  case  with  the  Indian  potentate,  who  put  a 
traveller  to  death  for  saying  that  he  had  been 
in  a  remote  northern  country,*  where  water  was 
sometimes  to  be  seen  solid  like  crystal,  and  somel- 
times  white  and  fleecy,  like  feathers. 

The  ancients  believed  that  there  were  just  four 
elements  concerned  in  forming  our  globe  and  all 
upon  it :  viz.  earth,  "watery  air,  and  Jire.  What  a 
OHitrast  between  &>rmer  and  present  knowledge  I 
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Repulsion  •without  sensible  Heal. 

As  we  stated  in  a  former  paragraph,  that 
besides  general  attraction,  under  the  names  of 
gravity,  cohesion,  and  capillary  attraction,  there 
are  modifications  under  the  names  of  electrical  and 
magnetic  attractions;  so  we  have  now  to  remark, 
that,  besides  tlie  general  repulsion  of  heat  just 
described,  there  are  peculiarities  which  wo  call 
electrical  and  magnetical  repulsions!  Wliether 
these  depend  on  different  causes  altogether,  or  are 
only  modifications  of  effect  from  the  same  cause, 
we  cannot  yet  positively  decide. 

It  is  a  curious  fact  connected  with  the  subject, 
that  there  seems  to  be  a  film  of  repulsion,  so  to 
express  it,  covering  the  general  surfaces  of  all 
bodies,  and  preventing  their  meeting  in  absolute 
contact,  even  when  they  appear  to  tlie  Imman  eye 
to  do  so.  Were  it  not  for  this,  things  would  be 
constantly  coming  so  close  to  each  other  that  they 
would  stick  or  cohere,  distui'bing  all  the  common 
operations  of  nature  and  art.  A  few  particular 
cases  in  which  cohesion  may  be  easily  effected, 
were  enumerated  at  page  15.  The  following  facts 
illustrate  this  superficial  repulsion,  and  the  means 
which  art  uses  to  overcome  it  to  answer  particular 
ends. 

Newton  found,  that  a  ball  of  glass,  or  a  watch- 
glass,  laid  upon  a  flat  siuface  of  glass,  does  not 
really  touch  it,  and  cannot  be  made  to  do  so  by  a 
force  even  of  1000  pounds  to  the  inch. 

For  the  same  reason  it  is,  that  if  we  break  glass, 
or  stone,  or  porcelain,  or  indeed  almost  anything, 
wc  cannot  make  the  parts  cohere  again  by  simply 
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pushing  them  together  as  they  were  before ;  and 
where  a  union  between  separate  masses  is  desired, 
we  are  compelled  to  have  recourse  to  various  ar- 
tifices. 

Gold  leaf  laid  upon  clean  steel,  and  then  forcibly 
struck  upon  it  by  a  hammer,  coheres  to  it  and 
gilds  it  permanently. 

But  iron  cannot  be  made  to  cohere  to  iron,  ex- 
cept by  making  both  pieces  red  hot  before  ham- 
mering.    This  process  is  called  welding. 

Iron  and  platinum  are  the  only  metals  that  can 
be  welded. 

Tin  and  lead,  in  sheets,  pressed  together  be- 
tween the  strong  rollers  of  a  flatting  mill,  cohere. 

The  other  metals  require  to  be  melted  together 
before  the  superficial  repulsion  gives  way  to  allow 
the  parts  or  quantities  to  cohere  or  run  into  one 
mass.  It  is  thus,  for  instance,  that  gold,  silver, 
lead,  &c.  are  treated. 

In  many  cases  the  kind  of  matter  cannot  thus 
be  melted,  (as  wood  or  marble,)  and  then  it 
is  common  to  use  som^  sort  of  glue  or  cement. 
Such  cements  must  have  strong  attraction  for 
both  substances,  and  must  be  tenacious  in  them- 
selves, when  dry  or  cool ;  solder,  paste,  mortar, 
glue,  &c.  are  the  chief  matters  of  this  sort. 


"  Certain  modifications  of  Attraction  produce  the  su- 
bordinate  stateSj  caUedcrystaly  porous^  dense ^  S^c/* 
(read  the  anafysiSf  page  5.)  • 

It  is  a  remarkable  circumstance,  that  attraction, 
in  causing  the  atoms  to  cohere  so  as  to  form 
solid  masses,  seems  not  to  act  equally  all  around 


each  atom,  but  between  certain  sides  or  pai'ts  of 
one,  and  corresponding  parts  of  the  adjoining  i 
ones ;  so  that  when  they  are  allowed  to  coherB  I 
according  to  their  natural  tendencies,  they  always  1 
assume  a  certain  regular  arrangement  and  fomw  f 
which  we  call  crystal.  Because  in  this  circumstance  I 
they  seem  to  resemble  magnets,  which  attract  I 
each  other  only  hy  their  related  poles ;  the  fact  f 
has  been  called  the  polarity  of  atoms.  It  is  thaJ 
cause  of  several  of  the  other  peciUiarities  abov^l 
enumerated,  as  elasticity,  &c. 

Crystallization  is  exemplified  in  the  following 
particulars: — 

Water  beginning  to  freeze,  shoots  delicate 
needles  across  tlie  surface  ;  these  thicken  and  in- 
terweave until  the  whole  mass  has  become  solid : 
but  the  ciystaUine  arrangement  always  remains, 
and  in  most  substances  is  remarkably  shewn  when 
the  mass  has  been  broken,  by  the  forms  of  the 
surfaces  left, 

Moistiu'e  freezing  on  the  cold  window-pane  in 
winter,  exhibits  the  most  beautiful  variety  of  ar- 
borescence. 

A  flake  of  snow,  viewed  in  the  microscope,  is 
seen  to  be  as  symmetrically  formed  as  a  fern  leaf 
or  a  swan's  featlier. 

W  a  bit  of  copper  be  thrown  into  a  solution  of 
silver  in  nitric  acid,  the  copper  is  preferred  by  the 
acid  to  the  silver,  and  is  dissolved  accordingly; 
and  the  silver,  during  its  precipitation  or  separation, 
assumes  the  form  of  a  beautiful  shrub  or  tree, 
resting  on  the  remaining  copper  as  its  root.  This 
appearance  is  called  the  ar/ior  Diana'. 
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An  J  metal  which  has  been  mdted,  when  allowed 
to  cool  again,  slowl j  and  at  rest,  becomes  solid  on 
the  outside  of  die  mass  first.  If  before  tiie  cooling 
be  completed,  the  remaining  liquid  be  poured  firom 
within,  a  curious  internal  crystalline  structure,  like 
grotto  work,  is  seen.  What  is  called  the  grain  of 
a  metal  is  the  result  of  this  crystallization. 

Saltpetre,  glauber  salt,  copperas  (to  use  popular 
names),  or  any  other  of  the  many  neutral  salts, 
being  dissolved  in  water,  and  the  wat^  being 
then  allowed  slowly  to  evaporate,  reappears  in 
beautifid  uvular  crystals,  each  salt  having  its 
peculiar  forms. 

An  the  precious  stones  are  crystals,  and  can 
only  be  well  cut  parallel  to  their  natural  faces. 

The  basaltic  pillars  of  the  Giant's  Causeway  in 
Ireland,  and  of  the  Isle  of  Staflb,  which  appears 
Uke  a  garden  supported  on  magnificent  colmmtt 
in  the  midst  of  ihe  ocean,  are  natural  crystalline 
arrangements  of  particles,  equalling  in  r^ulari^ 
and  beauty  any  human  work,  and  so  far  surpassing 
in  grandeur  even  the  Egyptian  pyramids,  that 
superstitious  conjecture  naturally  supposed  giant 
architects* 

Much  ingenuity  has  been  emjdoyed  to  account 
for  the  exact  forms  which  different  bodies  a»> 
sume ;  but  the  subject  is  not  yet  reduced  to  a 
state  fitting  it  to  be  a  part  of  this  ^ementaiy 
study.  A  familiarity  with  the  various  figures, 
which  the  exact  science  of  measures  treats  o^  is 
required  in  the  perscm  who  expects  to  pursue  it 
with  pleasure  or  advantage*  The  facts  are  ex- 
tremely  curious,  apd*  tiie  scientific  investigatioa  of 
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thi^m  may-  ultimately  give  very  impoctant  informa- 
tion as  to  the  intimate  constitution  of  material 
nature.    . 

It  would  be  endless  to  go  on  enumerating  crystal^ 
line  masses,  for  all  nature's  forms  are  regular 
and  symmetrical,  in  the  inanimate  creation,  as 
well  as  in  vegetables ;  and  what  we  see  of  bro- 
ken continents,  and  islands,  and  rocks,  and  wild 
alpine  scenery,  are  the  effects  of  subsequent  con- 
vulsions, which  have  deranged  primitive  and 
natural  order. 

Porous. — This  crossing  of  the  constituent  crys- 
talline needles  or  plates  in  bodies,  Causes  them  to 
be  porous  or  full  of  small  vacant  spaces.  These 
are.  often. visible  to  the  eye,  more  frequently  so  to 
the  microscope,  but  are  always  to  be  proved  in 
some  way. 

Owing  to  the  porosity  or  new  arrangement  of 
atoms  on.  solidifying,  water  and  a  very  few  other 
things  become  more  bulky  in  the  change  from 
the  liquid  to  the  solid  state,  notwithstanding  the 
nearer  approach  of  the  cohering  particles.  Water 
does  this  with  such  force,  as  to  burst  the  strongest 
vessels  which  art  can  provide,  and  in  winter  to 
split  rocks,  where  it  has  been  admitted  into 
crevices.  It  is  this  agency  of  freezing  water, 
which  is  gradually  breaking  down  the  alpine  sum- 
mits, and  continually  discharging  the  destructive 
fragments  into  the  vallies. 

The  stone  called  hydrophane  (agate)  is  opaque, 
lentil  dipped  into  water,  when  it  absorbs  one-sixth 
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of  its  weight  into  its  pores,  and  then  gives  passage 
to  light. 

In  crystallized  sugar,  and  in  many  stones,  much 
water  enters  without  iiicreasing  the  size. 

A  kind  of  sand-stone,  made  of  vessel-shape,  is 
used  as  an  excellent  filter  or  strainer  for  water. 

Pressure  forces  water  through  the  pores  of  the 
most  solid  gold ;  as  was  seen  in  the  famous  Floren- 
tine experiment,  where  a  hollow,  thick,  golden 
ball,  was  filled  with  water,  and  squeezed,  to  try 
the  compressibility  of  water,  until  it  perspired  all 
over. 

But  the  examples  of  porosity  in  vegetable  and  ani- 
mal bodies  are  the  most  remarkable. 

Bone  is  a  tissue  of  ceUs  and  partitions,  as  little 
solid  as  a  heap  of  empty  packing  boxes. 

Wood  is  a  congeries  of  parallel  tubes,  like  bun- 
dles of  organ  pipes.  It  has  lately  been  proposed 
to  prepare  wood  for  some  purposes,  as  for  making 
the  great  wooden  pins  or  nails  used  in  ship-build- 
ing, by  squeezing  it  to  half  its  bulk  between  very 
strong  rollers.  It  thus  becomes  nearly  as  heavy 
and  as  strong  as  metal. 

A  piece  of  wood  sunk  to  great  depth  in  the 
ocean,  and  exposed  to  the  pressure  there,  has  its 
pores  filled  with  water,  and  becomes  as  heavy  as 
stone.  Thus  the  boat  of  a  whale-fishing  ship, 
which  had  been  dragged  far  under  water  by  a 
whale,  on  being  afterwards  drawn  up,  was  supposed 
to  be  bringing  a  piece  of  rock  with  it 

A  piece  of*  cork  in  a  strong  close  glass  vessel. 


nearly  iuU  of  water,  will  float  at  the  top ;  but  it' 
more  water  be  forcibly  piimjied  into  the  vessel, 
the  cork  will  thereby  be  squeezed  and  reduced  in 
size,  until  it  becomes  heavier  than  water,  and  sinks. 
On  allowing  water  to  escape,  it  will  resume  its 
hulk  and  rise.  A  cork  sunk  SOO  feet  under  water 
will  never  rise  again  of  itself. 

A  bottle  of  air,  corked  and  let  down  thirty  or 
forty  feet  into  water,  often  comes  up  again  full  of 
water,  and  with  the  cork  still  in  its  place  ;  the  ex- 
planation being,  that  the  cork,  when  far  down, 
was  so  squeczett  as  to  become  small  enough  to 
allow  the  water  to  pass  in  by  its  sides,  and  on 
rising  again  it  regained  its  former  size. 

*'  Density,"  or  tiie  quantity  of  atoms  which  exist 
in  a  given  space,  varies  much  in  different  sub- 
stances. 

A  cubic  inch  of  lead  is  forty  times  heavier  than 
the  same  bulk  of  cork.  Mercury  is  fourteen  times 
heavier  than  an  equal  bulk  of  water. 

1'he  density  depends  on  three  circumstances : 
first,  on  the  degree  of"  jjorosity  just  now  explained  ; 
secondly,  on  the  size  or  weight  oi  the  individual 
atoms  ;  thu'dly  and  chiefly,  on  the  proximity  of 
the  atoms  in  the  solid  or  interstitial  parts,  where 
they  are  the  most  closely  connected ;  for,  from 
many  circumstances  it  appears,  that  the  atoms 
even  of  the  most  solid  bodies  are  not  in  actual 
contact,  hut  are  retained  in  their  places  by  a 
balance  between  attraction  and  repulsion — thus, 

A  body  ddates  or  contracts,  according  as  heat  is 
added  to  or  taken  away  from  it. 
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A  weight  placed  on  an  upright  rod  of  iron,  &c, 
shortens  it,  and  if  suspended  to  it,  lengthens  it, — 
the  rod  in  both  cases  returning  to  its  former  length 
when  the  weight  is  removed. 

When  a  plank  or  rod  is  bent,  the  atoms  on  the 
concave  side  are  approximated  for  the  time,  and 
on  the  convex  side  they  are  drawn  more  apart. 

Tin  and  copper  melted  together  to  form  bronze, 
occupy  less  space  by  one-fifteenth  than  they  did 
when  separate :  proving  that  the  atoms  of  one  are 
received  partially  or  wholly  into  what  were  vacant 
spaces  in  the  other. 

And  so  of  many  other  mixtures. 

A  pound  of  water  and  a  pound  of  salt,  when 
mixed,  form  two  pounds  of  brine,  but  they  then 
measure  in  bulk  much  less  than  when  separate. 
So  also  a  pound  of  sugar  dissolved  in  a  pound  of 
water. 

Water  and  liquids  generally  resist  compression 
very  much,  but  they  yield  enough  to  shew  that  the 
particles  are  not  in  contact.  It  is  found  that  1,000 
fathoms  down  in  the  sea,  the  superincumbent 
weight  of  water  compresses  that  below  it,  into 
bulk  one  hundredth  less. 

In  aeriform  bodies  the  atoms  are  very  distant, 
and  easily  compressed,  for  a  pint  of  water  con- 
verted into  the  aeriform  state  (steam),  acquires 
1,800  times  its  former  bulk  or  more ;  and  a  hun- 
dred pints  of  air  may  be  compressed  into  a  pint 
vessel,  as  in  the  chamber  of  an  air-gun ;  and  if 
the  pressure  be  still  increased,  the  atoms  of  air  at 
last  collapse  and  form  an  oily  liquid.  The  heat 
which  was  contained  in  this  air,  and  gave  it  its 
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t'orm,  is  squeezed  out  in  this  operation,  and  be- 
comes sensible  in  every  thing  around. 

From  these  proofs  of  the  non-contact  of  the 
atoms,  even  in  the  most  soUd  parts  of  bodies,  from 
the  very  great  space  obviously  occupied  by  pores, 
as  if  the  mass  were  not  more  solid  than  a  heap  of 
empty  boxes,  of  which  the  apparently  solid  parts 
were  still  as  porous  in  a  second  degree,  and  so 
on :  and  from  the  great  readiness  with  which 
light  passes  in  all  directions  through  very  solid 
bodies,  as  glass,  rock  crystal,  diamond,  &c.  it  has 
been  argued  that  there  is  so  exceedingly  little  of 
i'eally  solid  matter  in  any  mass,  how  dense  soever 
it  may  appear,  that  the  whole  world  might  be 
compressed  into  a  nutshell,  if  the  atoms  could  be 
brought  into  absolute  contact.  We  have  as  yet 
no  means  of  speaking  positively  on  this  subject. 

E(]uul  bulks  of  different  bodies  being  weighed,  the 
comparative  weights  so  found  are  called  theiri 
specific  graviiies ;  and  they  depend  on  the  cir-l 
cumstances    now   explained    as  regulating  the 
density. 

In  comparing  them,  it  was  necessary  to  choose 
a  standard ;  and  water,  as  being  the  most  easily 
procurable  at  all  times  and  in  all  ]>laces,  has  been 
generally  adopted.  The  following  are  a  few  ex- 
amples. 

Tlie   metal    called   platinum,    the   heaviest 
known  substances,  is  about  tweuty-two  times  i 
heavy  as  an  equal  bulk  of  water — gold  isnineteea] 
times  as  heavy — mercury  thirteen  and  a  half — Ieai4 
eleven — iron  eight    and  a    half — copper    eiglit— J 
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common  stones  about  two  and  a  half — ^woods  from 
a  half  to  one  and  a  half — cork  one  quarter,  &c. 

"  Hardnes^^  is  not  proportioned,  as  might  be  sup- 
posed, to  the  density  of  the  different  bodies,  but 
to  the  polarity  of  the  atoms  in  them,  or  the  force 
with  which  the  atoms  hold  their  places  in  some 
particular  arrangement. 

Soft  gold  is  four  times  heavier  than  the  hard 
diamond ;  and  in  mercury,  where,  as  a  fluid,  the 
particles  yield  to  the  least  pressure,  there  is  nearly 
twice  the  density  of  the  hardest  steel.  Hardness 
is  measured  generally  by  the  circumstance  of  one 
body  being  capable  of  scratching  another.  It  is 
worthy  of  notice,  however,  that  the  powder  or  dust 
of  a  softer  body  will  often  aid  in  wearing  down  or 
polishing  one  that  is  harder. 

Diamond  is  the  hardest  of  known  substances. 
It  cuts  or  scratches  every  thing  else,  and  is  gene- 
rally polished  by  means  of  its  own  dust. 

Glass-cutters  use  a  point  of  diamond  as  a 
glass-knife,  for  dividing  and  shaping  their  panes. 

Common  flint  also  cuts  glass,  as  is  seen  in  the 
writings  made  by  it  on  window  panes. 

It  is  remarkable,  that  the  preparation  of  iron 
called  steel,  which  is  originally  soft  like  pure  iron, 
on  being  heated  and  suddenly  cooled,  in  the  pro- 
cess called  tempering,  becomes  nearly  as  hard  as 
diamond.  The  discovery  of  this  fact  is  perhaps 
second  in  importance  to  none  which  man  has 
made :  for  it  has  given  him  all  the  edge  tools  and 
cutting  instruments  by  which  he  now  moulds 
every  other  substance  to  his  wishes.  A  savage 
will  work  for  twelve  months,  with  fire  and  sharp 


stones,  to  cut  ttown  a  great  tree  anil  to  give  it  the 
shape  of  a  canoe ;  while  a  modern  carpenter,  with 
fit  tools,  could  accomplish  the  same  object  in  a 
day  or  two. 

The  valuable  idea  has  lately  been  realized  of 
making  engravings  on  plates  of  soft  steel  instead 
of  copper,  and  of  afterwards  tempering  the  steel  to 
such  hardness  that  it  may  be  used  as  a  type  or  die 
to  make  its  impression,  not  on  paper,  but  on  other 
plates  of  soft  steel,  or  of  copper;  each  of  which 
is  then  equal  in  value  to  an  original  and  distinct 
engraving.  By  this  means  the  beautiful  produc- 
tions of  art,  instead  of  being  limited  to  a  compara- 
tively small  number  of  copies  and  persons,  may  be 
multiplied  almost  to  infinity,  and  may  thus  become 
the  cheap  delight  of  all. 

"  Elasikiij/"  is  present  in  a  mass  when  the  atoms, 
cohering  in  a  particular  arrangement  only, 
yield,  however,  to  a  certain  extent  when  force  is 
applied,  but  immediately  move  back  again  or 
regain  their  natural  positions  on  the  disturbing 
force  being  withdrawn. 

Elastic  bodies  vary  much  in  the  extent  to  which 
they  yield  without  breaking,  and  in  the  degrees  of 
perfection  with  which,  after  the  bending  or  dis- 
placement of  atoms,  they  return  to  the  former  state. 
India  rubber  is  very  elastic,  for  it  yields  far;  but 
it  is  not  perfectly  elastic,  for  when  stretched  much 
or  often,  it  soon  becomes  permanently  elongated. 
Glass,  again,  is  perfectly  elastic,  for  it  will  retain 
no  permanent  bend;  but,  unless  in  very  thin  plates 
indeed,  it  will  not  bend  far  without  breaking. 
D  3 
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All  hard  bodies  are  elastic,  as  steel,  glass,  ivory, 
&c. ;  and  many  soft  ones,  as  caoutchouc,  silk  thread, 
a  harp-string,  &c.  The  aeriform  bodies  are  all 
perfectly  elastic,  as  rudely  seen  in  a  bladder  filled 
with  air,  and  they  will  change  volume  to  a  very 
great  extent.  Liquids  are  so  too,  but  to  a  small 
extent. 

A  good  steel  sword  may  be  bent  until  its  ends 
meet,  and  yet,  when  allowed,  it  will  return  to  per- 
fect straightness. 

A  rod  of  bad  steely  or  of  other  metal,  will  break 
in  bending,  or  will  retain  a  bend. 

An  ivory  ball,  let  fall  on  a  marble  slab,  rebounds 
by  its  perfect  elasticity  nearly  to  the  height  from 
which  it  fell,  and  no  mark  is  left  on  either.  If  the 
slab  be  wet,  it  is  seen  that  the  ivory  had  been  a 
good  deal  flattened  at  the  point  of  contact,  for  a 
considerable  circular  surface  of  the  slab  is  found 
dried  by  the  blow.  Billiard  balls  scarcely  lose  their 
polish  by  long  wear,  although  the  touching  parts 
yield  at  every  stroke. 

A  marble  chimney-piece  long  supported  by  its 
ends,  is  found  at  last  to  be  bent  downwards  in  the 
middle,  and  the  bend  is  permanent. 

A  steel  watch-spring,  although  so  often  and  so 
much  bent,  resumes  its  original  form  when  freed 
at  the  end  of  a  century ;  but  occasionally,  without 
evident  cause,  while  yet  in  action,  it  will  suddenly 
break. 

Elasticity  is  a  property  of  bodies  of  great  utility 
to  man,  as  in  his  time-pieces,  carriage-springs, 
gun-locks,  &c.  &c. 


MALLEABLE. 


"  Brittlenesi"  designates  that  constitution  of  a  body 
where,  with  hardness,  and  elasticity  which  is 
perfect  as  far  as  it  goes,  the  cohesion  among  the 
atoms  is  such,  that  a  very  shght  change  of  po- 
sition among  them  is  sufficient  to  produce  a 
rupture.  Therefore,  when  the  force  necessary 
to  produce  that  little  cliange  is  applied,  the  co- 
hesion gives  way  altogether.  It  belongs  to  most 
very  hard  bodies. 

Glass  scratches  an  iron  hammer,  which  proves 
that  it  is  hai'der  than  iron — yet  glass  is  the  very 
type  of  fragUity  i^  a  bit  of  soft  wood  breaks  it,  or 
indeed  a  blow  from  any  thing. 

Steel,  when  tempered  so  as  to  be  very  bard,  be- 
comes brittle  also.  The  steel  chisels  and  tools 
with  which  artificers  now  cut  and  shape  the 
metals,  as  they  formerly  did  wood,  j-equire  of 
course  to  be  exceedingly  hai'd ;  but  they  tlius 
lose  of  tiieir  toughness,  and  hence  are  frequently 
broken.  Cast  iron,  which  is  much  harder  than 
malleable  or  wrought  iron,  is  very  brittle,  while  soft 
iron  and  steel  arc  tlie  toughest  things  in  nature. 

"  Malleable"  or  reducible  into  thin  plates  or  leaves 
by  hammering.  This  property,  in  opposition  to 
elasticity  and  brittleness,  belongs  to  bodies 
whose  atoms  cohereequally  in  whatever  relative 
situations  they  happen  to  be,  and  which  there- 
fore yield  to  force,  and  sliift  about  among  each 
other,  almost  Uke  the  atoms  of  a  fluid,  without 
fracture  or  change  of  property. 
Gold  is  remai^kably  malleable,  for  it  may  be  re- 
duced to  leaves  of  the  tlunness  of  982,000  to  the 
D  4- 
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inch.  For  gold-beaters  the  metal  is  first  formed 
into  rods,  these  are  afterwards  rolled  or  flattened 
into  ribands,  the  riband  is  cut  into  portions, 
which  are  extended  by  hammering  to  great  breadth 
and  thinness,  and  being  again  divided  into  p<Miions, 
they  are  hammered  and  extended  to  the  thinness 
described. 

Silver,  copper,  and  tin  may  also  be  hammered 
very  thin.  Most  other  metals  tear  and  break  before 
the  operation  is  carried  far ;  and  some,  on  being 
struck,  break  at  once  like  glass. 

••  Pliant  J*  as  a  character  of  body,  agrees  with  mal- 
leable, in  the  cohesion  not  being  destroyed  by 
change  of  direction  among  the  atoms,  but  the 
same  atoms  always  remain  in  contact  in  pliant 
things.  They  are  chiefly  animal  and  vegetable 
fibres,  and  membraneous  structures — silk,  blad- 
der, lint,  hemp,  &c.  &c. 

"  Ductile  J*  or  susceptible  of  being  drawn  into  wire. 
One  would  almost  expect  malleability  and  duc- 
tility to  belong  to  the  same  substances  and  in 
tlie  same  degrees — ^but  it  is  not  so.  In  ductile 
substances,  as  in  malleable,  the  atoms  seem  to 
have  no  more  fixed  relation  of  position  among 
each  other  than  in  a  liquid,  and  yet  they  cohere 
very  strongly. 

One  end  of  a  rod,  of  iron,  or  of  gold,  or  silver, 
or  copper,  being  reduced  so  as  to  enter  an  open- 
ing in  a  plate  of  steel,  and  the  rod  being  of  a  cer- 
tain temperature,  the  point  is  seized  by  strong  nip- 
pers on  the  other  side  of  the  plate,  and  the  whole 


rod  is  drawn  through.  It  is  reduced,  of  course, 
to  the  size  of  the  opening,  and  lengthened  in  a 
like  proportion.  The  operation  being  repeated 
through  smaller  holes  successively,  a  wire  may  at 
last  be  obtained  of  the  size  of  a  hair. 

Dr.  Wollaston's  ingenuity  produced  platinum 
wire  smaller  than  spidei-'s  thread.  He  drilled  a 
hole  in  the  axis  of  silver  wire,  and  filled  it  with 
small  platinum  wire.  He  then  drew  tlie  compound 
piece  into  the  smallest  wire  possible,  and  on  dis- 
solving the  silver  from  the  outside,  a  beautiful  fila- 
ment of  platinum  remained,  finer  than  any  known 
substance. 

The  order  in  which  metals  may  be  ranged 
according  to  their  ductility  is,  platinum,  sUver, 
iron,  copper,  gold,  &c, 

Melted  glass  has  great  ductility.  The  workers 
draw  or  spin  it  into  threads,  by  merely  attaching 
a  point,  pulled  out  from  the  mass,  to  the  circum- 
ierence  of  a  turning-wheel.  A  uniform  thread 
continues  to  be  drawn  out  and  wound  upon  the 
wheel,  at  the  rate  of  1,000  yards  or  more  per  hour. 
This  glass  thread  is  cut  into  bunches,  resembling  i 
bunches  of  beautiful  white  hair. 

"  Tenacity"  means  the  force  of  cohesion  among 
the  atoms  of  any  mass,  whatever  the  nature  of 
the  mass  in  other  respects ;  and  it  belongs  more 
or  less  to  all  substances,  not   excepting   eveo  ■ 
bfjuids. 

This  pro[)erty  varies  much  in  different  sub- 
stances. Iron  and  its  modification  called  steel 
have  it  in  the  most  remarkable  degree. 
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Tlie  following  table  shews  the  comparative  te- 
nacity, or  strength  to  bear  pulling,  of  different 
metals  and  woods.  Supposing  similar  wires  or  rods 
of  each  to  be  used,  and  of  such  size  that  the  sur- 
face of  a  cross  section  would  be  one-thousandth 
of  a  square  inch,  the  weights  supported  would  be 
nearly  as  follows : — 

METALS. 

Cast  Steel,  134  lbs.,  equal  to  about  39,000  feet  of 

thfe  wire. 

Best  wrought  Iron,  70  lbs. 

Cast  Iron 19 

Copper 19 

Platinum 16 

Silver    11 

Gold 9 

Tin  5 

Lead 2 

WOODS. 

Teak     13 

Oak 12 

Beech   12^ 

Ash  14 

Deal 11 

Iron,  therefore,  compared  in  this  way,  is  five  or 
six  times  stronger  than  oak. 

Certain  animal  substances  have  great  tenacity. 

The  silk-worm's  thread,  which  gives  men  their 
strongest  connecting  or  sewing  material,  and  which 
has  such  flexibility  united  with  its  strength. 

The  ligaments  and  tendons  of  the  animal  body, 
exhibiting  at  once  such  admirable  strength,  elas- 


ticity,  and  suppleness!  These,  when  dried,  and 
otherwise  prepared,  formed  the  faow-sti'ings  of  our 
remote  forefathers. 

The  hair  or  wool  of  animals,  twisted  into  threads, 
and  woven  into  the  strong  and  beautiful  textures 
of  the  loom. 

Strips  of  animal  intestine,  prepared  and  twisted, 
forming  the  cords  of  harp  and  violin — in  sti-ength 
and  uniformity  rivalling  the  steel  wires  of  keyed 
instruments. 

Man's  gradual  discovery  of  substances  possessed 
of  great  tenacity,  and  which  he  coidd  yet  easUy 
mould  and  apply  to  his  purjioses,  has  been  of  un- 
speakable importance  to  his  progress  from  the  state 
of  barbarism  to  high  civilization !  The  place  of 
the  hempen  cordage  of  European  navies  is  still 
held  in  China,  by  twisted  canes  and  strips  of  bam- 
boo ;  and  even  the  hempen  cable  of  Europe,  so 
great  an  improvement  on  former  usage,  is  now 
rapidly  giving  way  to  the  more  complete  and 
commodious  security  of  the  iron  chain. — And  what 
a  magnificent  spectacle  is  it,  at  the  present  day,  to 
behold  chains  of  tenacious  iron  stretched  high 
across  a  channel  of  the  ocean,  as  at  the  Menai  Strait 
between  Anglesea  and  England,  and  supporting 
an  admirable  bridge-road  of  safety,  along  which 
crowded  processions  may  pour,  regardless  of  the 
deep  l)eiow,  or  of  the  storm ;  while  beneath,  ships 
with  sails  full-spread,  may  pursue  their  course, 
unmolesting  and  immolested ! 


(     48     ) 


SECTION  II.— THE  FUNDAMENTAL  TRUTHS  EXPLAIN- 
ING THE  MOTIONS  OR  PHENOMENA  OF  THE  UNI- 
VERSE. 


ANALYSIS   OF    THE   SECTION.* 

The  bodies  or  masses  composing  the  universe  may  he  at  rest  or  in 
motion,  and  there  is  an  inertia  or  stubbornness  in  their  component 
matter,  tohich  resists  all  change,  and  renders  force  equally  ne- 
cessary  to  produce  motion,  to  take  it  atoay,  or  to  bend  it,  Um- 
form  straight  motion  is,  therefore,  as  naturally  eternal  as  rest. 
The  quantity  of  motion  in  a  body,  measured  by  its  velocity  and 
quantity  of  matter,  is  hence  also  the  measure  of  the  degree  and 
direction  of  the  force  or  forces  tohich  produced  it,  and  of  the 
force  or  momentum  which  the  body  can  exhibit  again  token 
opposed  or  made  to  act  itself  as  a  cause. 

The  ttvo  great  forces  of  nature,  attraction  and  repulsion,  acting 
upon  inert  matter,  produce  the  equable,  accelerated,  retarded, 
and  bent  motions  which  constitute  the  great  phenomena  of  the 
univei'se.^-^Tides,  currents,  winds,  falling  bodies,  Sfc.  obey 
attraction. — Explosions,  steam,  collision,  Sfc.  obey  repulsion. 
And  as  in  every  case  of  attraction  or  repulsion,  two  masses  at  least 
must  be  concerned,  there  can  be  no  motion  or  action  in  the  uni' 
verse,  without  a  concomitant  and  opposite  motion  or  reaction. 


"  Motion,'' 

Were  there  no  motion  in  the  universe  it  would 
be  dead.  It  would  be  without  the  rising  or  set- 
ting sun,  or  river-flow,  or  moving  winds,  or  sound, 
or  light,  or  life. — To  und<(Brstand  the  general  na- 
ture and  laws  of  the  motions  or  changes  which 
are  going  on  around  him,  is  to  man  of  the  greatest 
importance,  as  it  enables  him  to  adapt  his  actions 
to  what  is  coming  in  futurity,  and  often  to  inter- 

*  The  reader  should  here  re-peruse  the  title  of  the  chapter 
at  page  5,  and  the  analysis  of  Section  I. 


fere  so  as  to  control  and  direct  futurity,  for  liis 
special  purposes. 

Motion  is  the  temi  applied  to  the  changing  of 
place  among  bodies,  and  is  described  in  any  par- 
ticular case,  by  referring  to  fixed  objects  and 
standards. 

A  man  sitting  on  the  deck  of  a  sailing  ship  has 
coTTtmon  motion  with  the  ship :  if  walking  on  the 
deck,  he  has  relalive  motion  to  the  ship :  but  if 
he  be  walking  towards  the  stern,  just  as  fast  as 
the  ship  advances,  he  is  at  rest  relatively  to  the 
bottom  or  shore.  A  sliip  sailing  against  the  tide, 
just  as  fast  as  the  tide  runs,  has  motion  relatively 
to  the  water,  but  rest  relatively  to  the  earth. 
Absolute  motion  is  tliat  which  is  relative  to  the 
whole  universe,  or  to  the  space  in  which  it  exists. 
We  have  no  nieans  of  ascertaining  such :  for 
although  we  know  how  fast  our  globe  whirls  upon 
its  axis  and  round  the  sun,  we  have  no  measure  of 
the  motion  of  the  sun  himself — revolving  pro- 
bably round  some  more  distant  centre,  and  carry- 
ing all  the  planets  with  him. 

Motion  is  called  rapid,  as  that  of  lightning — slow, 
as  that  of  the  sun-dial  shadow  :  both  terms  having 
reference  to  ordinary  intermediate  velocities.  It 
is  called  straight,  or  rectilitieal,  in  the  observed  path 
of  a  falling  body — bent,  or  ciervilinear,  in  the  track 
of  a  bullet,  shot  obliquely — accelerated,  when  a 
stone  is  falling  to  the  earth — retarded,  while  the 
stone  thrown  upwards  is  rising  to  the  point  where 
it  stops,  and  from  whence  it  again  descends. 
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"  The  inertia  or  stubbornness  of  bodies^  resisting 
change  of  statCy  whether  they  be  in  motion  or  at 
rest:' 

That  bodies  tend  to  continue  in  the  state  of  mo- 
tion or  of  rest  in  which  they  happen  to  be,  so  as 
to  render  force  necessary  to  change  the  state,  is 
seen  in  the  following  facts.  The  scientific  term 
used  to  express  the  general  truth  is  inertia^  and 
sometimes  the  words  obstinacy  and  stubbornness 
have  been  substituted  as  farther  explanatory. 

Wlien  the  sails  of  a  ship  are  first  spread*  to  re- 
ceive the  force  or  impulse  of  the  wind,  the  vessel 
does  not  acquire  her  velocity  at  once,  but  slowly, 
as  the  continuing  force  gradually  overcomes  the 
inertia  of  her  mass.  If  the  sails  are  afterwards 
suddenly  taken  in,  she  does  not  lt)se  her  motion  at 
once,  but  slowly  again,  as  the  continued  resisting 
force  of  tlie  water  destroys  it 

Horses  must  make  a  greater  effort  at  first  to  put 
u  carriage  into  motion,  than  to  maintain  the  motion 
afterwards.  And  a  sti'ong  effort  is  required  to 
stop  a  moving  carriage. 

When  a  carriage  lianging  from  springs  first 
begins  to  move,  the  body  of  it  appears  to  fall 
back,  and  a  person  withivi,  seems  to  be  suddenly 
thrown  against  the  cushion  behind.  When  the 
carriage  stops  again,  the  body  swings  forward,  and 
if  it  be  very  suddenly  a  careless  passenger  may 
find  his  head  pressing  tlirough  a  front  glass. 
These  particulars  prove  tlie  inertia,  first  of  rest, 
and  secondly  of  motion. 

A  man  standing  carelessly  at  the  stern  of  a  boat. 
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talis  into  the  water  beliind,  when  the  boat  begins 
to  move ;  because  his  feet  are  pulled  forward, 
while  the  inertia  of  the  body  keeps  it  where  it  was, 
and  therefore  without  its  support.  The  stopping 
of  a  boat  again,  illustrates  the  opposite  inertia  of 
motion,  by  the  man's  falling  forward. 

A  bad  rider  on  horeeback  may  be  left  behind, 
when  his  horse  darts  ofl'  suddenly,  or  may  be  thrown 
off  on  one  side  by  tlie  horse  starting  to  the  other. 
A  horse  at  speed,  stopping  suddenly,  often  sends 
his  cavalier  over  his  ears, 

A  young  gentleman,  unpractised  in  driving,  ran 
his  curricle  against  a  heavy  carriage  on  the  road, 
but  foolishly  and  dishonestly  excused  his  awkward- 
ness, in  a  way  which  led  to  his  father's  prosecuting  j 
tlie  coachman    for  furious  driving.      The  youlii  J 
and  his  servant  both  swore,  that  the  shock  of  tiie  ] 
carriage    threw   them  over    their  horses'    heads,  I 
and    thus  they  lost    their  cause    by  unwittingly'! 
proving,  that  the  faulty  velocity  was  their  own. 

A  man  jumping  from  a  carriage  at  speed,  is  in  1 
great  danger  of  failing ;  for  he  reaches  the  ground! 
with  as  much  forward  velocity,  as  a  man  has  who  1 
is  running  with  the  speed  of  the  carriage ;  and  ( 
unless  he  advance  his  feet  as  in  ninning,  to  sup-  J 
port  his  advancing  body?  this  must  as  certainly  be  I 
dashed  to  the  ground,  as  is  the  body  of  a  rimner  j 
who  trips,  or  whose  feet  are  suddenly  aiTeste4.  j 
A  racer  who  receives  the  signal  to  stop,  and  i 
man  jumping  from  a  flying  vehicle,  must  check'j 
tlieir  motion  in  exactly  the  same  way. 

A  person  wishing  to  leap  over  a  ditch  or  chasm, 
makes    a  run  first,  that  the    motion    thereby  ac- 
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quired  may  help  him  oven     A  standing  leap  falls 
much  short  of  a  ruuning  (Mie. 

An  African  traveller  saw  himself  followed  by  a 
tiger,  from  which  he  could  not  escape ;  but  per- 
ceiving that  the  animal  was  watching  an  oppor- 
tunity to  seize  him,  by  a  spring  or  leap,  he  art- 
fully led  it  to  where  the  plain  terminated  in  a 
precipice  hidden  by  brush-wood,  and  he  had  just 
time  to  transfer  his  hat  and  cloak  to  a  bush,  and 
to  retreat  a  few  paces,  when  the  tiger  sprung  upon 
the  bush,  and  by  the  motal  inertia  of  his  body, 
was  carried  over  the  precipice,  and  destroyed. 

From  a  glass  of  water  suddenly  pushed  forward 
on  a  table,  the  water  is  spilt  or  lefl  behind,  but 
if  a  glass  fuU  of  water  be  in  motion,  as  when 
carried  by  a  person  walking,  and  be  then  suddenly 
stopped,  as  by  coming  against  any  thing  fixed, 
the  water  is  thrown  or  spilt  forward, 

A  servant  carrying  a  tray  of  glasses  or  china  in 
the  dark,  and  coming  suddenly  against  an  obstacle, 
hears  all  his  freight  shpping  forward,  and  crashing 
at  his  feet :  and  a  too  hurried  departure  with  such 
a  load  would  cause  equal  destruction,  on  the  other 
side. 

If  a  guinea  be  laid  on  a  card,  and  this  on  the 
point  of  the  finger,  a  ssart  fiUip  or  blow  to  the 
edge  of  the  card  will  cause  it  to  dart  of,  but  the 
guinea,  by  if  s  inertia,  will  remain  resting  on  the 
finger. 

When  we  desire  a  person,  with  suspected  disease 
of  the  brain,  to  shake  his  head,  and  tell  whether 
and  where  he  feels  pain,  we  are  doing  nearly  as  if 
we  touched  the  naked  brain  with  the  finger  to  find 
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the  teuder  pai't ;  for  the  inertia  of  the  brain,  when 
the  skull  is  moved,  causes  a  momentary  pressure 
between  it  and  the  skull,  almost  equivalent  for  oui 
purpose  to  such  a  touch. 

This  kind  of  pressure  is  sufficient  to  break  and 
destroy  tender  wares,  in  packages  which  are  too  ' 
suddenly  moved  or  stopped. 

A  weight  suspended  by  a  spring  on  ship-board  ia 
seen  vibrating  up  and  down  as  the  ship  pitches  with 
tlie  waves.  It  seems  to  fall  as  tiie  ship  rises,  and  vice 
versa  :  but  the  motion  is  really  in  the  ship,  and  the 
rest  is  iu  the  weight.  A  heavy  weight  so  supported* 
ajid  connected  witli  a  pump-rod,  would  work  tha 
pump. 

Like  the  weiglit  last  mentioned,  the  mercury  of  \ 
a  common  barometer  on  ship-board  is  seen  rising 
and  falling  in  the  tube,  and  until  the  important  im^.  i 
provement  was  lately  made,  of  narrowing  the  tube-  ' 
in  one  place  to  prevent  this,  the  barometer  wad'  \ 
useless  at  sea.  The  explanation  is,  Uiat  the  tuba  ' 
rises  and  falls  «-itli  the  ship,  from  being  connected  I 
witli  it,  but  tiie  mercury,  which  plays  freely  in  thtShl 
tube,  and  is  supported  by  the  atmosphere,  tends^  f 
by  its  inertia,  to  remain  at  rest,  and  makes  tluL'l 
motion  of  the  sliip  apparent.  It  seems  to  fall  whei 
the  ship  rises,  and  to  rise  when  the  ship  falls. 

Like  the  mercury  in  the  barometer  tube  on  sliip- J 
board,  tlie  blood  in  the  vessels  of  animals  is  simU.( 
larly  affected  under  similar  circumstances.  Ini 
long  vein  below  tlie  heart,  when  the  body  falls,  th»»l 
blood,  by  its  inertia  and  the  supporting  action  of.  f 
the  vessels,  does  not  tall  so  fast,  and  therefore  really  J 
rises   in  the  vein  ;  and  as  there  are  valves  in  ths.i 
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veinn  preventing  return,  the  circulation  u  thw 
quickened  without  any  muscular  exhaustiim  ott 
the  part  of  the  individual  This  explains  the  e£^ 
feet  of  the  movement  of  carriages,  vessels  at  Mfl, 
It wingSi  and  of  passive  exercise  generally,  on  the 
circulationi  and  leaves  it  no  longer  a  mptery  #hy 
these  are  often  so  singularly  useful  in  many  stiMi 
of  weak  health. 

If  a  cannon  ball  were  to  break  to  pieces  in  its 
flight,  its  (mrts  would  still  advance  with  the  previous 
volocity.  Thus,  in  the  deadly  contrivance  of  the 
shrapneii  shell,  which  is  a  case  containing  hundreds 
of  nuisket  bullets,  these  are  set  loose  at  the  d^ired 
distance  before  they  reach  the  devoted  body  of 
men«  and  retaining  the  forward  velocity  of  the 
shelly  they  spread  death  around  like  the  discharge 
on  the  spot  of'  a  whole  battahon  of  musketry* 

0\\  t)ie  awttd  occasion  of  a  ship  in  rapid  motioa 
lveti\g  aiHMenly  arretsied  by  a  sunken  rodk,  all 
thiniis  ^\  boarvL  meiv  guns,  and  Auniture^  atait 
tVom  their  |4ace9  and  ar^  dashed  tbrwanb;  and 
the  iuevtia  \w  WHHal  ohstiiiacT  fof  ihe  stem  parts  of 
the  ^i|>  |Mr^^SM«^ Kir«nud«  i$ $udki€iiiio craesh and 
b^^ak  0^  U^w  a^n$t  the  nstck. 


^  •»  *k 


VK>M  iW  inRMannciM^  wo?«r  ^pi^n,  it  is  wen  that  a 

a^fflkvi  a«H)  that  a  K>^  fnt  i 

ammMa.  ai  «av  rM^  i^  a  tMie^  aAer  tlie  ftne 

^>NM^  C  >M  ^CkD  th<^  i$  a  i^Mfous. 

t^Vhcm^K^  tha)  aao4v«n  )^  ao:  wmamral  <r  Avoed 
mM^M)yidie^  M^  1^  4^^  m^in^  ihii^^  if  left 
v»  d)<«m^^^  ^vw)^  {fmdnalH  ^>wfte  » i«t. 


MOTION    NATURALLY    PERMANENT. 


>ii 


It  is  recollected  that — a  stone  thrown  conies 
to  rest,  or  a  wheel  lert  movhig,  or  a  bowl  roll- 
ing on  the  green,  or  the  waves  heaving  after  a 
storm — and,  in  a  word,  that  there  is  no  perpetual 
motion  on  earth. 

On  more  attentive  consideration,  however,  it 
may  be  perceived  that  there  are  great  differences  I 
in  the  duration  of  motions,  and  that  the  differenced  | 
are  always  exactly  proportioned  to  evident  causes  I 
of  retardation,  and  chiefly  to /j-H7rt'o?i  and  the  rcAirtS-  ] 
ance  of  the  air. 

P'riction  is  the  resistance  which  bodies  expeii-  I 
ence  when  rubbing  or  sliding  upon  each  other ;  and  \ 
however  mucli  it  may  be  diminished  by  aii,  it  1 
cannot  be  annihilated.  Air  resistance,  to  motions  J 
going  on  in  air,  is  of  the  very  same  nature  as 
water  resistance,  to  motions  going  on  under  watei^ 
only  less  in  degree :  and  as  advancing  science  haft  j 
Bhewn  the  true  nature  of  our  atmosphere,  the  j 
amount  of  tliis  resistance  is  perfectly  ascertainedw 

A  smooth  ball  rolled  on  the  grass  soon  stops-^  | 
on  a  green  cloth  over  a  smooth  plank  it  goei  [ 
longer — on  tlie  bare  plank  longer  still — on  a  sheet  I 
of  perfect  ice,  which  is  smooth  and  level,  it  hartUj^  | 
8uffer-8  any  retai'dation  from  friction,  and,  if  the  sS*  ] 
be  moving  with  it,  will  reach  the  shore. 

Two  little  wheels,  like  windmill  wheels,  set  ifi  ] 
nwtton  together  with  equal  velocity,  but  of  which  1 
one  has  the  flat  sides  turned  to  its  course,  and  th«  1 
otJtcr  the  edges,  if  moving  in  the  air-,  will  stc^  fit 
very  different  times,  but  if  tried  in  a  vessel  from  ' 
which  the  air  has  been  removed,  they  will  stop 
wsctly  together. 
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It  is  to  facilitate  the  motion  of  fishes,  in  the 
water,  tliat  they  are  of  sliarp  form  before  and 
behind.  And  it  is  for  a  Uke  reason,  that  the  birds 
which  move  in  the  air  have  similar  form. 

A  large  spinning-top,  with  a  fine  hard  point, 
if  set  in  motion  in  a  ^*acuum,  and  on  a  hard 
smooth  surface,  will   continue  turning  for  many 

hours* 

A  pendulum  in  a  ^^cuum  has  only  a  slight 
triction  to  o\Trcome  at  its  point  of  suspension, 
and  therefore  vibrates  tor  manv  hours. 

But  it  is  in  the  celestial  spaces  that  we  see  moticms 
completely  (Wed  from  the  two  obstacles  of  air 
and  triction — and  there  thev  are  etemaL 

m 

Had  the  human  eye,  unassisted,  been  able  to 
descJT}*  the  four  beautiful  moons  of  Jupiter,  whed^* 
ii^  around  him  tor  these  thousands  of  years,  widi 
such  unabated  re^ikurity,  and  which  now  fonn, 
to  the  telescope  of  the  astioiMMiier,  a  peitect  and 
ou^eni^viil  time^ec^  in  the  sl^ — or  had  science 
low:  proved  that  the  velodty  inqparted  to  our 
jiHobew  when  Atst  bunched  into  its  present  odbi^ 
still  wheek  it  akni^  as  swiiUy  as  in  the  days 
ot  the  first  maiv  thb  etrvw  or  pceyudice  that  mo- 
tisxt  is  alw;iin^  tending  to  resc  would  never  hare 


IsMfeed^  kki  ihb  and  other  truths  ol 
dfifes:^  iiii>v  kiK^wn^  beeu  low:  ^nBtilsir  u 
iBMft  KuiidL  the  opfM$(te  pre^adxic^  wocdi 
btt&ly  bs&ve  %?bcatcKvi  th^  otKiiCfioci  b  the  natuBnl 
:$uw.  and  rest  JL  tMx^^i  %>c  e^'eii  ctt^^  We 

biiMT  ^2r  jbwhfitelv  Qiochjb^  The 
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earth  is  whirling  round  it's  axis  and  round  the  sun  ; 
the  sun  is  moving  also  roinid  his  axis  and  round 
the  centre  of  gravity  of  the  solar  system,  and, 
doubtless,  round  some  more  remote  centre  in  the 
great  universe,  carrying  alJ  liis  planets  and  comets 
along  with  him. 

The  state  of  the  objects  around  lis  on  the  surface 
of  the  earth,  which  siu^ace,  near  the  equator,  we 
know  to  berevoiving  with  a  velocity  of  1,000  feet 
per  second,  is  exactly  exemphfied,  on    a    smaller 
scale,  by  that  of  the  fiimiture  in  the  cabin  of  a 
sailing  ship.     An  admiral  sits  there,  surrounded  by 
his  books,  and  telescopes,  and  quadrants,  and  time- 
pieces, &c. ;  and  seeing  them  always  in  the  same 
relative  places,  he  may  at  last  cease  to  think  of  his 
and  of  their  motion  ;  and  if  he  remained  there  with- 
out looking  abroad,  and  the  ship  had  only  uniform 
motion,  he  would  be  as  insensible  of  the  motion, 
3s  men  on  shore  are  of  the  whirling  of  the  earth;' 
It  would  make  no  difference  in  the  two  cases,  I 
whether  the  ship  were  sailing  one  mite  or  fiO:eetf>l 
in  the   hour,  or  whether  the  eartli  were  tiu'ningl'l 
once  in  twenty-four  hours,  or,  like  the  planet  Jin~l 
piter,  once  in  ten.  »l 

If  there  were  any  natural  tendency  in  movingf  I 
bodies  to  stop,  a  thing  floating  in  a  trough  of  watei^l  I 
on  board  a  sailing  sbtp,  should  always  be  foundkiA 
towards  the  stem  ;  and  in  all  the  seas  and  lakes  of  ^ 
the  earth,  the  floating  things  should  be  driven  upolBl 
the  western  shores,  because  the  surface  of  tlie^l 
earth  is  always  turning  to  the  east.  We  know  tliaiJ  I 
neither  of  these  suppositions  is  the  ti'utli.  ' ''I 

And  a  man  on  board  a  moving  ship  can  throw  I 
e3  J 
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a  ball  jiLSt  as  far  towards  tlie  bow  as  towards  the 
stern,  aldiough  in  one  case  the  velocity,  as  regards 
the  earth,  will  be  so  different  from  what  it  is  in 
the  other. 

Thus  it  appears,  tliat  whatever  cotnmon  motion 
objects  may  have,  it  does  not  interfere  with  the 
effect  of  a  force  producing  any  new  relative  mo- 
tion among  them.  All  the  motions  seen  on  earth 
aie  really  only  slight  differences  among  the  com- 
mon motions.  This  explains  why  men  are  not 
sensible  of  the  rapid  motion  of  the  earth,  all 
things  moving  at  the  same  rate  ;  and  why  a  man 
in  the  hold  of  a  ship  cannot  say  whether  the  rusli- 
iiig  of  water,  which  he  liears  i'roni  witliout,  be  a 
rapid  tide  passing,  or  the  effect  of  the  ship's  ad- 
vance in  the  river ;  and  why,  in  a  ship  sailing  in 
smooth  water,  a  man  blindfolded,  and  turned  round 
a  few  times  on  his  heel,  cannot  afterwards  say 
whether  his  face  be  towards  the  head  or  the  stem. 

A  man  continning  to  throw  up  a  ball  or  orange, 
or  several  of  them  at  once,  and  catching  and  re- 
turning them  alternately,  uses  no  difference  of  art 
as  regards  them,  whether  he  be  standing  on  the 
earth  and  whirling  with  it,  or  on  a  ship's  deck,  or 
in  a  moving  carriage,  or  on  a  galloping  horse's 
back.  He  and  the  oranges  have  always  the  same 
forward  common  motion. 

The  reason  tliat  a  lofty  spire  or  obeUsk  stands 
more  securely  on  the  earth  than  a  loose  pillar 
would  on  the  bottom  of  a  moving  waggon,  is,  not 
that  the  earth  is  more  at  rest  than  the  waggon, 
but  that  its  motion  is  uniform- 

Ignorance   of  the   law  of  motal  inertia  led  a 
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story-teliing  ^aiior  to  assert,  as  a  proof  of  the 
iast  sailing  of  his  favourite  sliip,  that  when  a  man 
one  day  fell  from  the  mast-head,  the  ship  had  es- 
caped or  advanced  from  under  him  before  he  came 
so  low  as  the  deck :  tlie  fact  being,  that  he  must 
have  fallen  on  the  same  part  of  the  deck,  whetlier 
the  ship  were  in  motion  or  at  rest,  his  body  havii^ 
the  motion  or  rest  which  belonged  to  her. 

Another  wise  man,  reflecting  that  the  earth  turns 
round  once  in  twenty-four  hours,  proposed  rising  in 
a  balloon,  and  waiting  aloit  until  the  country  which 
he  desired  to  reach  should  be  passing  under  liim. 

"  Motmi  naturally  miform.^^ 

It  is  only  repeating  that  a  body  cannot  acquire  or' 
lose  motion  without  cause,  to  say  that  free  mo- 
tion must  be  uni/hrm. 

The  perfect  uniformity  of  undisturbed  motion, 
is  proved  by  every  fact  observed  in  the  luiiverse. 
If  any  continued  motion,  as  of  a  planet  for  in- 
stance, be  found  at  one  time  to  have  a  certain  re- 
lative velocity  to  some  other  motion,  the  same  re- 
lation is  found  always  to  hold ;  or  deviations 
from  perfect  uniformity,  are  always  exactly  pro*, 
portioned  to  the  disturbing  causes. 

Had  motion  not  been  tmiform  in  its  nature,  man 
could  have  formed  no  rational  conjecture  or  an- 
ticipation as  to  future  events ;  for  it  is  by  assum- 
ing, for  instance,  that  the  eaith  will  continue  to 
turn  unifonnly  on  its  axis,  ihat  he  speaks  of  /o- 
ntorrow  and  of  ?tea^e  week,  &c.  and  that  he  makes 
all  his  arrangements  for  future  emergencies :  and 
k4> 
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were  the  coming  day,  or  season,  or  year,  to  arrive 
sooner  or  later  than  such  anticipation,  it  would 
throw  such  confusion  into  all  his  atlkirs,  that  tlie 
world  would  soon  be  desolate. 

To  calculate  futurities,  then,  or  to  speak  of 
pa*t  events,  is  merely  to  take  some  great  uni- 
form motion  as  a  standard  with  which  to  compare 
all  others;  and  then  to  say  of  the  remote  event, 
that  it  coincided  or  will  coincide  with  some  dcs- 
ci'ibed  state  at'  the  standard  motion.  The  most 
obvious  and  best  standards  are,  the  whirling  of  the 
eaith  about  its  axis,  and  its  great  revolution  round 
the  sun.  The  first  is  rendered  very  sensible  to 
man  by  the  alternate  appearance  and  disappearance 
of  the  sun,  and  it  is  called  a  day  ;  the  second  is 
marked  by  the  succession  of  summer  and  winter, 
and  it  is  called  a  year.  The  earth  turns  upon  its 
axis  about  365  times  while  it  is  performing  one 
circuit  in  its  orbit  round  the  sun,  and  thus  di- 
vides the  year  into  smaller  parts ;  and  the  day  is 
divided  into  smaller  parts,  by  the  progress  of  the 
revolution  on  its  axis  being  so  distinctly  marked, 
in  the  constantly  varying  direction  in  which  the 
sun  appears  from  any  given  spot  on  the  face  of  the. 
earth. — When  advancing  civilization  made  it  of 
importance  to  man  to  be  able  to  ascertain  with 
precision  the  point  of  the  earth's  revolution,  con- 
nected with  any  event,  various  contrivances  were 
introduced  for  the  purpose.  The  following  are 
among  them  :  sun-dvals,  where  the  shadow  travels 
progressively  round  the  engraved  and  divided  cir- 
cle; the  uniform  flux  of  water  through  an  open- 
ing, or  of  sand  in  the  common   hour-glass,  &c. 
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But  the  very  triumphs  of  modern  science  and  art 
are  those  astronomical  clocks  and  watches,  in 
which  the  counted  equal  vibrations  of  a  pendulum, 
or  of  a  balance  wheel,  have  detected  periodical 
inequalities  even  in  the  motion  of  the  earth  itself, 
and  thus  have  directed  attention  to  disturbing 
causes,  important  to  be  known. 

"  Force  is  required  to  bend  violion" 

If  a  body  moving  freely  cannot  vary  its  velocity 

without  a  cause,  neither  can  it  vary  its  coinse 

without  a  cause  j  and  free  motion,  therefore,  is 

straight  as  well  as  uniform. 

A  ball  shot  directly  up  or  down  gives  men  their 
simplest  idea  of  straight  motion. 

A  bullet  or  arrow,  shot  horizontally,  is  gradually 
drawn  downwards  by  the  attraction  of  the  earth, 
but  it  swerves  not  either  to  the  right  hand  or  to 
the  left. 

William  Tell,  trusting  to  the  natural  straight- 
uess  of  motion,  obeyed  the  tyrant's  order,  and  shot 
at  an  apple  placed  on  his  cliild's  head. 

And  the  right  eye  of  PhiUp  of  Macedou  is  said 
to  have  been  destroyed  by  an  aiTow  which  brought 
a  label  on  it,  telhng  its  destination. 

Riflemen  hit  the  very  spot  on  the  target  which 
they  choose  to  aim  at. 

A  stone  in  a  sling,  the  moment  it  is  set  at 
liberty,  darts  off  as  straight  as  an  arrow,  or  a  bullet 
from  a  gun-barrel,  and  it  is  onJy  because  the  point 
of  its  circle  from  which  it  should  depait,  cannot  be 
accurately  determined,  tluit  the  same  suie  aim 
camiot  be  taken  with  it. 
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Abodymavingin  a  circle^  tfaeii»  or  ciirve»  is  am> 
strained  to  do  what  is  OGOtraiy  to  its  inertia.  On 
considering  a  circle  as  made  up  of  an  infinite  xavtai 
ber  of  Utde  strai^it  lines^  and  tliat  the  bodj  moT^ 
ing  in  it  has  its  motion  bent  at  cireiy  step  of  tibe|HM)h 
gress,  the  reason  is  seen  whjoonstant  ibnce  becomea 
necessary  to  keep  it  there,  and  just  equal  to  the 
inertia  with  which  the  body  tends,  at  every  point 
of  the  circle,  to  pursue  the  straight  line,  called  a  tan- 
gent, of  winch  that  point,  as  seen  in  the  figure^    ! 


is  the  commencement.  The  force  required  to  keep 
die  body  in  the  bent  course  is  called  centripetal  or 
centre-seekimr  force ;  while  the  inertia  of  tilie  body,- 
tending  outwards,  that  is,  to  move  in  a  straight 
line,  is  called  the  centrifugal  or  centre-flying  totce* 

A  sling  cord  is  always  tight  while  the  stone 
is  whirlii^ :  and  its  tension  is  the  measure  both 
of  the  centripetal  and  centrifugal  force. 

Bodies  laid  on  a  table,  which  is  made  to  whiri 
like  a  horizontal  wheel,  are  quickly  thrown  off 

In  a  com-miH  the  grain  is  admitted  between 
4be  stones  through  an  opening  in  the  centre  of  the 
lupper  one;  and  being  then  kept  turning  round 
between  them,  it  is  always  tending  end  larayd&iig 
out^vards  until  it  escape  as  flour  ftom  the  cfarcum^ 
ference. 

A  man  falls  adeep  or  dies  of  apoplexy,  from 
pressure  of  blood  on  the  brain,  if  he  Ue  down  on 
a  turning  millstone  with  his  head  near  the  edge. 
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A  wet  mop,  or  bottle  brush,  made  to  turn  or 
revolve  qiiickly  on  its  handle  as  an  axis,  throws 
the  water  off  in  all  directions  and  dries  itseli'. 

Sheep,  in  wet  weather,  discharge  the  water  from  j 
their  fleeces  by  a  semi-rotatory  shake  of  the  skiru  I 
Water  dogs,  on  coming  to  land,  dry  themselves  bys 
the  same  action, 

A  tumbler  of  water  placed  in  a  sling,  may  inti  i 
made  first  to  vibrate  like  a  pendulum  witJi  gras  j 
dually  increasing  oscillation,  and  may  at  \a,^  i 
be  turned  round  and  round  the  hand  without 
spilling  a  drop  :  because  the  inertia  of  straightnessi, 
or  centrifugal  force,  keeps  the  water  tending  mor*»  * 
outwards  towards  tlie  bottom  of  tlie  tumbler,  ev«ft  J 
when  that  is  uppermost,  than  it  tends  to  the  eartht  j 
by  gravity. 

In  tlic  same  manner  aa  solid  bodies  laid  on  «  , 
whirling  table  arc  thrown  off,  so  water  in  a  vessel  i 
which  is  made  to  spin  round  in  any  way,  as  on  tho:  j 
centre  of  a  iiorizontal  wheel,  rises  up,  against  tho  j 
sides  of  the  vessel  all  roinid,  instead  of  lying  at  j 
the  bottom. 

Water,  i)oured  obliquely  into  a  funnel,  rujjft  I 
round  the  interior  o*'  it,  and  ofU'U  leaves  an  opeit  j 
passage  of  air  all  tlie  way  down  tluougii  it,  as  if  J 
there  were  merely  a  lining  of  water  to  the  met^li  ( 
funnel.  The  centrifugal  force  of  the  tuiiiiu^  I 
water,  is  a  chief  reason  of  this  pheiiomenoQ^  1 
Ancrther  reason  will  be  considered  iiirther  i^(ti^l 
under  the  head  of  atmospheric  pressure. 

Whirlpools  at  sea,  and  smaller  ones,  or  eddiw  I 
in  rivers,  occur  whenever  a  current  is  obliged  sud-  | 
denly  to  bend,  as  in  rounding  a  point  of  land  or  «|  j 
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rock.  The  water,  tending  to  continue  its  straight 
motion,  falls  in  behind  the  obstruction  rductantl^r 
as  it  were,  and  leaves  there,  a  pit  surrounded  by  a 
revolving  ridge.  Charybdis,  in  tiie  Mediterranean, 
and  the  great  whiripodi  off  the  Norwi^ian  coast, 
are  remaiicable  examples. 

It  is  owing  to  the  centrifugal  force  in  any  bend- 
ii^  part  of  a  stream  of  water,  that^dien  a  bend  has 
once  commenced,  it  increases,  and  is  immediately 
followed  by  others,  until  the  comfdete  serpenttiie 
winding  is  produced,  which  characterizes  most 
rivers  in  their  course  across  extended  pbins.  The 
water  being  thrown  by  any  cause  to  the  left  side 
fbr  instance,  wMrs  that  into  a  curve  or  dbow, 
and  the  centrifugal  foice  of  the  ymtet  then  acts 
constantly  <m  the  outside  of  the  bend,  until  rock  or 
higher  land  resist  the  gradual  progres;  fiom  diis 
Kmit  it  is  thrown  back  again  and  begins  to  wear 
a  similar  bend  to  die  lights  and  aftn*  thirty  anodwr 
t^itbe  l«l^  and  Mon. 

C^ftrriigiKi  ai^  ciAen  oi^^ 
iiV?  ^f^Kar|>  cmiktis^  TKe  inertia  carries  tliebodty  of 
tlK"  \x4iicle  in  the  old  directioiv  while  the  wheds 
ai^  |mlkN()  ratind  by  the  horw$  suddenly  into  a 
n^w  t>M\.  A  Winded  st:^^  OMck  ramiBg  soath, 
and  t^)rMH)  $a)dd<«aly  lo  liie  <4i5t  <r  wiest,  strews 
it»  |MiPW»w^yr3^  <m  tii<^  ^widi  ;!^ 
ilit^  miwiwr^  Vrimy'  a  :$li«rp  mwiiur  in  a  car- 
liw^  f^MiA  $$i  wcsxviiAiil^  ti:ie  <wtsade  «f  tiie  ImwI 
$ih^d)d  ahmx^  lie  wiad^  ^C!^  f losri  tlie  tMde;,  to 

A  man  4«r  a  Hw$^  t^imrur  a  <vnier  «  ^ipwd. 
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counteract  the  centrifugal  force,  that  would  throw 
him  away  from  it. 

In  skaiting  with  great  velocity,  tills  leaning 
inwards  at  the  turnings  becomes  very  remarkable^ 
and  gives  occasion  to  tlie  tine  variety  of  atti- 
tudes displayed  by  the  expert ;  and  if  a  skaiter 
in  running  begins  to  incline  to  one  side  and  ia  in 
danger  of  falling,  he  merely  makes  his  skait 
describe  a  slight  curve  towards  that  side,  and  the 
centrifugal  force  of  the  body,  retiising  as  it  were 
to  follow  in  the  curve,  restores  tlie  perpendicularity. 
Skaiting  to  the  intelligent  man  becomes  an  inr 
tellectual,  as  well  as  a  sensitive  or  bodily  treat, 
from  its  exemplifying  so  pleasingly  the  laws  of 
motion. 

The  last  example  explains,  also,  why  a  lioop 
rolled  along  the  ground  goes  so  long  without 
falling ;  if  it  incline  to  one  side,  threatening  and 
beginning  to  fall,  by  that  very  circumstance  its 
course  is  bent,  and  like  the  skaiter  who  bends,  it 
rises  again  ;  the  bending  of  its  course  to  that  side 
brings,  as  it  were,  its  ieet  again  under  its  body. 

A  coin  dropt  on  the  table  or  floor,  often  exliir 
bits  the  same  phenomenon.  It  is  said  to  run  and 
hide  itself  in  the  corner.  Before  falling,  if  at  a 
distance  from  obstruction,  it  generally  m^es 
several  revolutions  in  a  small  circle. 

The  reason  also  why  a  spinning  top  stands,  will 
be  understood  here.     Wliile  the  top  is  perfectly 
upright,  its  point,  being  immediately  under  it,  sup^  ■ 
ports  it  steadily,  and  has  no  tendency  to  move  fronm'J 
the  place;  but  if  it  incline  at  all,  the  side  of  the 
point  comes  in  contact  with  the  floor,  and  be- 
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comet  dft  it  were  a  little  wheel  or  itdler, .  «d- 
vandng  quickly  and  describing  a  curve^  scmewllM 
as  a  skaiter  does,  until  it  cmne  directly  mider  ihe 
body  of  the  top  as  befiNre. 

By  reason  of  the  centrifiigul  force  also,  it  is 
easier  to  do  feats  c£  horsemanship  in  a  smaU  ring, 
as  at  our  dieatres^  than  if  the  animal  were  runniii^ 
on  a  straight  road.  We  see  the  man  and  hoi^ 
always  incKnii^  inwards,  to  counteract  centrifugd 
force,  and  if  the  rider  tend  to  fall  inwards,  he  has 
merriy  to  quicken  the  pace,  if  outwards,  he  has  td 
dack^a  it,  and  aU  is  well  again. 

If  a  pair  of  common  fire*tongs,  suspeodlsd  by 
a  cord  from  the  top,  be  made  to  turn  fiy  thci 
twisting  or  untvdsting  of  the  cord,  the  legs  trill 
separate  from  each  other  with  force  piv^rtiohed 
to  the  speed  of  rotation,  and  will  again  collapse 
when  the  iuming  ceases.  Mr.  Watt  adapted  t^ 
fact  most  ingeniously  to  the  regulaticm  of  the 
speed  of  his  steam  engine.  His^  steam  g&oemor^ 
may  in  truth  be  described  as  a  pair  of  tongs  widi 
heavy  baUs  at  the  points,  attached  to  a  turning 
psut  of  the  machine.  If  the  engine  move  at  all 
faster  than  the  desired  speed,  the  bails  open  lir 
fly  asunder,  with  force  sufficient  to  move  a  vaM 
with  whidi  they  are  connected,  and  which  can* 
tracts  the  steam  tube ;  and  on  thc'CODtrary  with  too 
slow  a  motion,  the  balls  collapse  and  open  the  valve. 

A  half  formed  vessd  of  sofl  clay,  pliKied  in  the 
centre  of  the  potter's  table,  which  is  always  Whurl- 
ing  and  is  called  his  wheel,  opens  out  or  widens, 
rnwdy  by  the  centrifugal  force  of  its  sides,  idiich 
thus  assists  the  \rorker  in  giving  the  fcMin. 
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-  -  A  ball  of  ftofit  cUy,  made  to  turn  quickly  on  a 
spindle  fixed  through  its  centre,  soon  ceases  to  be 
a  perfect  ball.  It  bulges  out  in  tUe  middle,  where 
the  centrii\i^il  force  is  great,  and  becomes  flattened 
towards  the  ends,  near  the  spindle. 

This  is  exactly  what  haa  happened  to  the  bail  of 
oiu-  earth,  which  has  bulged  out  seventeen  miles 
at  the  equator,  in  consequence  of  its  daily  rota- 
tion, and  is  flattened  at  the  poles  in  a  corresjjond- 
ing  degree. 

In  the  planet  Jupiter,  of  which  the  rotation  is 
much  quicker  than  of  our  earth,  the  middle  or 
equator  bulges  out  still  more,  making  the  spherical 
form  still  less  perfect. 

A  mass  of  lead,  tliat  weighs  one  thousand  pounds 
at  our  pole,  weighs  five  pounds  less  at  the  equator, 
by  reason  of  the  centrifugal  force. 

If  the  rotation  of  our  earth  wore  seventeen  times 
faster  than  it  is,  the  bodies  at  the  equator  would 
have  centrifugal  force  equal  to  their  gravity,  and  a 
little  more  velocity  would  cause  them  to  fiy  oft'alto- 
getlier,  or  to  rise  and  form  a  ring  round  the  earth, 
like  that  round  Saturn.  Saturn's  rings  seem  to 
have  been  fonned  in  this  way,  and  to  be  now  sup- 
ported chiefly  by  the  centrifugal  force  of  the  parts. 

It  is  centrifugal  force  which  prevents  the  earth 
and  all  the  planets,  while  revolving  in  their  orbits, 
from  falling  down  into  the  sun. 

"  The  quanlity  of  motion  in  a  body  measured  ly  the 
velocity  and  quantily  (if  viatter" 
If  a  single  atom  of  matter  were  moving  at  the 
rate  of  one  fool    per    second,  it   would  have  the 
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moti(Hi  expre«Bed  by  these  words ;  and  if  it  v^ere 
moving  ten  feet  per  second  it  would  have  t^i  times 
that  moticHi*  And  if  the  mass  consisted  of  many 
atiCHns^  the  quantity  of  motion  would  be  just  as  mudi 
greater,  as  there  were  m<nie  atoms  than  one  in  it* 

If  a  ball  of  one  pound  suspended  by  a  cord,  as 
a  pendulum,  and  moving  ten  feet  per  second,  be 
allowed  to  strike  against  a  ball  of  nine  pounds  sus- 
pended in  the  same  ¥ray,  but  at  rest,  the  two  will 
move  on  together  at  tlie  rate  of  one  foot  per  second, 
because  the  original  quantity  of  motion  is  now 
difiused  through  ten  times  the  quantity  of  matter, 
and  therefore  produces  only  one  tenth  of  the 
velocity. 

A  cannon  baU  of  a  thousand  ounces,  moving  one 
foot  per  second,  has  the  same  quantity  of  motion 
in  it,  as  a  musket  baU  weighing  one  ounce,  leaving 
the  gun-barrel  with  a  velocity  of  one  thousand 
feet  in  the  second. 

"  The  quantity  of  motion  in  a  body  is  the  measure 
of  the  Jbrce  'ochich  produced  it.** 

A  body  falling  for  ten  seconds  acquires  ten 
times  the  velocity  which  it  does  by  falling  for  one 
second  only,  and  its  motion  is  therefore  the  mea- 
sure of  the  force  of  gravity  which  has  been  exerted 
upcmit* 

When  a  large  body,  or  mass  of  many  atoms,  falls, 
it  of  course  has  as  much  more  motion  than  a  smaller 
body,  as  there  are  more  atoms  in  it  than  in  the 
smaller  ;  but  as  gravity  pulls  equally  at  every  atom, 
the  force  causing  either  body  to  fall  is  still  exactly 
indicated  by  the  quantity  of  motion  in  it. 
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This  consideration  explains  why  a  mass  of  many 
atoms  falls  just  as  fast  as  a  smaller  body  or  a  single 
atom.  Gravity  pulls  equally  at  each  atom,  and 
must  overcome  the  inertia  of  each  equally,  whether 
it  be  alone  or  with  others. 

This  contradicts  a  popular  opinion,  which  sup- 
poses that  a  large  and  heavy  body  should  fall  to  the 
earth  much  faster  than  a  small  and  light  one  ; 
and  the  prejudice  has  arisen  from  men  constantly 
seeing  such  contrasts,  as  the  slow  descent  of  a 
feather  and  the  rapid  fall  of  a  gold  coin.  The  cause 
of  the  diftereiice  however  is,  that  the  atoms  of  the 
feather  are  much  spread  out,  so  as  to  be  more  re- 
sisted by  the  air  than  tliose  of  the  gold :  and  if 
the  two  be  let  fall  together  in  a  glass  vessel  from 
which  the  air  has  been  ])umped  out,  they  arrive  at 
the  bottom  in  exactly  the  same  time.  If  the 
coin  be  hammered  out  into  gold  leafj  it  will  fall 
still  more  slowly  than  the  feather.  One  brick  let 
tall  from  a  height,  reaches  the  earth  as  soon  as  ten 
brickfi  let  fall  near  it,  whether  these  be  connected 
or  separate — as  a  single  horse  may  reach  the  goal 
as  soon  as  ten  horses  galloping  abreast. 

When  a  large  and  a  small  ship  are  seen  sailing 
with  the  same  velocity,  the  surface  of  canvas  or 
sail,  spread  to  catch  the  force  of  the  wind,  is  pro- 
portioned to  the  diiference  of  size  and  resistance 
in  the  t«o. 

A  man's  force  will  move  a  small  skiif  quickly, 
a  loaded  barge  very  slowly,  and  a  large  ship  ina 
degree  scarcely  to  be  perceived.  In  each  case, 
however,  the  quantity  of  motion  is  the  same,  and 
still  the  measure  of  the  force  which  produced  if. 
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A  utuakei  and  a  cannoa  balU  each  movidga 
thousand  feel  in  a  aeoondt  indicate^  by  the  dittantti 
quantitiea  of  motion  in  them,  the  diftRnce  of  tke 
Ibrces  which  aet  them  in  motiop  ■  the  fixoe  df  wm 
oonce  of  gunpowder  perfaapa  in  the  one  caae,  and 
e£  pounds,  in  the  other. 

A  ball  of  one  pound  weightp.  pulled  1^  a  gxven 
force,  moves  twice  as  fiist  as  a  ball  of  twa  pettadb 
pulled  bj  the  same ;  but  the  quaaiitj  of  mdthm^ 
as  ascertuned  by  the  rule  alreadj  giTon,  la  lim 
same  in  both,  akliough  the  ^octties  are  difioMit, 
and  it  indicatun  the  same  produciBg  force. 

A  mass  of  a  certain  wei|^  turning  in  a  sludger 
upon  a  whiriing  table^  requires  a  certain  fotce  to 
restrain  it,  in  opposition  to  its  eenlr^bgal  ten- 
dency ;  a  mass  of  dodble  weight  requires  doidde 
fiMtre. 

'*  And  of  the  force  or  momentum  xvkich  it  can  exhibit 
again/*  (See  the  anahfsis^  page  4SJ) 

Bodies  may  be  r^^arded  as  reservairs  offeree  or 
fldotion,  always  ready  to  return  as  much  as  thcgr 
have  received. 

A  cannon  ball^  accordiag  to  die  quanti^  of  mo- 
tion in  i^  may  have  only  die  fcNrce  or  momentttati 
vifficient  to  bruise  a  plank,  or  it  may  have  enotigjb 
to  penetrate  a  tree,  or  even  to  shoot  its  nq>id  way 
through  a  block  of  the  hardest  stone. 

And  substances  having  the  same  vdoci^,.  but 
differing  in  size,  and  therefore  having  di£krent 
gmmtitifts  of  motion,  have  momenta,  or  pioduee 
efibcta  proportioned   always  to  the  quantity  of 
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A  small  block  of  wood,  floating  against  a  man's 
leg  with  moderate  velocity,  would  hardly  be  felt; 
but  a  loaded  barge,  coming  at  the  same  rate  and 
squeezing  it  against  the  qnay,  would  break  the 
bones;  a  large  ship,  with  this  sjjeed,  a])proaching 
the  dock-wall,  would  crush  the  body  of  a  man 
caught  there  ;  and  an  island  of  ice,  opposed  in  its 
approach  to  a?iother,  even  by  a  first-rate  man  of 
war,  would  destroy  this  with  as  little  perceivable 
resistance  as  meeting  barges  would  destroy  a  float- 
ing egg-shell. 

A  hail-stone  falling  strikes  rudely ;  a  stone  rolled 
from  a  height,  as  of  old,  by  the  besieged  against 
the  besiegers,  may  carry  death  with  it  to  many  ; 
an  avalanche,  breaking  from  its  hold  on  a  mountain 
steep,  may  sweep  away  a  whole  village. 

In  meeting  bodies  the  shock  is  the  same,  whether 
the  motion  be  shared  between  them  or  be  all  in 


If  a  running  man  come  by  accident  against  a 
man  who  is  standing,  both  receive  a  certain  shock. 
If  both  be  running  at  the  same  rate  in  opposite 
directions,  the  shock  is  doubled,  and  in  some  such 
cases,  particularly  where  swift  skaiters  have  met, 
the  shock  has  proved  fatal. 

A  man's  skull  is  fractured  as  certainly  hy  its 
being  dashed  against  a  tree  while  he  is  on  a  gal- 
loping horse,  as  by  the  blow  of  a  carriage  beam, 
which  comes  upon  him  with  the  like  velocity. 

The  meeting  fists  of  boxers  not  unfrequently 
dislocate  or  break  bones. 

When  two  ships  in  opposite  courses  meet  at  sea; 
f2 
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althpugh  each  may  be  sailing  at  a  moderate  rate, 
the  destruction  is  often  as  complete  to  both,  as  if 
with  a  double  velocity  they  had  struck  on  a  rock. 
Many  melancholy  instances  of  this  kind  are  on  re- 
cord. In  the  darkness  of  the  night  a  large  ship 
has  met  a  smaller  and  weaker  one,  and,  all  in 
the  lapse  of  a  few  seconds,  there  has  been;  the 
shock  of  the  encounter,  the  scream  of  the  surprised 
victims,  and  the  horrible  silence  when  the  waves 
have  again  closed  over  these  and  tj^eir  vessel  for 
ever. — In  November  1825,  the  Comet  steam-boat, 
on  the  coast  of  Scotland,  was  thus  destroyed,  and  ^ 
carried  to  the  bottom  with  her  about  seventy  per- 
sons, who,  a  minute  before,  were  far  indeed  from 
anticipating  the  dreadful  catastrophe. 

"  Direction  of  the  force  or  forces  producing  motion!* 

When  only  one  force  acts  on  a  body,  the  body 
obeys  in  the  exact  direction  of  the  force. 

A  ball  floating  in  water,  or  lying  on  smooth  ice, 
is  driven  exactly  south  by  a  wind  blowing  south. 
A  bullet  issuing  from  the  mouth  of  a  cannon,  moves 
exactly  in  the  direction  of  the  axis  of  the  cannon, 
which  is,  as  the  force  pushes  it. 

When  two  or  more  forces  act  upon  a  body  at  the 
same  time,  as  it  cannot  move  two  ways  at  once, 
it  must  hold  a  middle  course  between  the 
directions  of  the  separate  forces.  This  coiirse 
is  called  the  resulting  direction^  viz.  resulting 
from  the  composition  of  the  forces. 

A  ball  or  ship  moving  south  by  a  direct  wind, 
niay,  at  the  same  time,  be  carried  e^st  just  aB.  fast 
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by  a  tide  or  current  moving  east ;  every  instant, 
therefore,  it  will  go  a  little  south  and  a  little  east^ 
and  really  will  describe  a  middle  line  which  points 
southeast. 

All   these   particulars   may  be  represented   on 
paper,  as  by  fig.  1 : — 

Fig.l.      I  ^ 


•V  a 

b  being  the  place  of  the  ball  or  ship,  e  the  east,  s  the 
south,  and  b  a  the  middle  line  pointing  to  the  south- 
east,  and  shewing  the  true  course  of  the  vessel. 
This  figure  is  called  the  parallelogram  offorceSy  and 
is  one  of  the  most  important  helps  to  the  under- 
standing of  many  facts  in  natural  philosophy. 
The  minute  investigation  of  the  subject  belongs 
to  the  science  of  measures,  or  technical  mathe- 
matics, but  the  general  truths  are  quite  intelligible 
to  common  sense,  or  to  the  mathematics  of  com- 
mon experience. 

When  two  forces  act  upon  a  body,  like  the 
wind  and  tide  in  the  last  example,  the  result  is  the 
same,  whether  they  act  together,  or  one  after  the 
other.  For  instance,  if  the  wind  drive  a  vessel 
one  mile  south,  as  from  b  to  5,  fig.  1,  and  imme- 
diately afterwards  the  tide  drive  it  one  mile  east, 
as  from  s  to  «,  the  vessel  will  be  in  the  same  place 
at  last,  viz.  at  a,  as  if  she  had  been  driven  at  once 
south-east,  in  the  line  b  a,  by  the  simultaneous 
action  of  the  two.  And  it^is  by  drawing  the  lines 
b  s  and  6  ^  to  represent  the  force  and  dii'ection 
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of  the  two  causes  of  motion,  and  by  then  adding 
one  of  them,  or  an  equivalent,  to  the  end  of  tbe 
other,  ti»  s  ato  b  s,  that  the  square  or  paxalielo* 
gram  is  formed,  of  which  the  middle  line,  or  dia- 
gonal, as  it  is  called,  shews  the  resulting  direction 
of  the  forces,  and  the  true  course  of  the  body 
obeying  them. 

When  the  forces  exactly  cross  each  other,  and 
are  equal,  as  in  the  case  now  supposed,  the  figure 
becomes  a  square,  as  at  fig.  1 ;  but  if  one  of  the 
forces  be  greater  than  the  other,  the  figure  becomes 
oblong,  as  at  fig.  2 ;  if  the  forces  cross  obliquely^ 

Fig.^.  Fig.  3.  Fig.^. 


the  figure  becomes  as  at  fig.  3 ;  and  if  they  cross 
in  an  opposing  direction,  it  will  be  as  at  fig.  4 : 
but  in  all  the  cases,  the  diagonal  shews  the  restdt ; — 
and  it  is  evident  that  the  same  line  may  be  the 
diagonal  of  many  figures,  as  seen  at  fig.  5. 


Fig.  5. 


In  all  cases  where  the  two  forces  are  equal,  with 
whatever  obliquity  they  cross  each  other,  the  re- 
sulting direction  must  be  exactly  between  them, 
A  boat  impelled  by  oars  goes  straight,  although 
the  extremities  of  the  oars  describe  curves,  because 
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ti^  chai^^g  obliquity  of  the  force  is  always  the 
same  on  both  sides.  This  explains  also  why  a  bird 
flying,  or  a  man  swimming,  iiolds  a  perfectly 
straight  course,  although  in  both,  the  direction  of 
the  impelling  forces  is  always  vaiying. 

And  tliis  is  the  reason  why  a  body  suspended, 
as  a  plummet,  or  falling  to  tlie  earth  as  an  apple 
does  from  a  tree,  is  always  in  a  Hue  towards  the 
centre  of  the  earth,  because,  while  the  part  of  the 
cartli  immediately  under  the  body  is  pulHng  it 
Btraight  down  to  tlie  centre,  the  action  of  pails  on 
any  one  side  of  the  perpendicular  is  exactly  coun- 
terbalanced  by  tlie  action  of  corres- 
ponding parts  on  the  other  side ;  and 
the  perpendicular  is  still  the  diagonal 
or  middle  line  of  every  pair  of  at- 
tracting parts,  as  seen  here  in  a  b. 
When  a  body  is  carried  below  the  surface  of 
the  eartli,  its  weight  becomes  less,  because  the 
matter  above  it  is  then  drawing  it  up,  instead  of 
down,  as  before :  a  few  hundred  feet  makes  a 
great  difference,  and  at  the  centre  of  the  earth, 
if  it  were  possible  for  man  to  reach  it,  he  would 
find  things  without  weight  at  all,  and  tliere  would 
be  no  up  nor  down,  because  things  woiUd  be  at- 
tracted equally  in  all  directions. 

Forces  crossing  each  other  so  obliquely  as  to  be 
repreHcnted  by  Unes  in  almost  opposite  directions, 
would  form  a  parallelogram  witli  scarcely  any 
breadth,  that  ik,  the  diagonal  would  approach  to 
notliing;  shewing  thus,  that  opposing  forces  neu- 
tralize or  destroy  each  other.  In  Hg.  *,  the  resuit- 
F  4 
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ing  force  or  direction  is  less  than  either  of  the 
constituents. 

For  the  same  reason,  when  forces  cross  so  acute- 
ly as  to  advance  nearly  parallel  to  each  other,  the 
resulting  is  longer  than  either.    (Fig.  3.) 

When  there  are  more  than  two  forces  acting. on 
a  body,  the  resulting  direction  is  found,  first  of 
two,  and  then  of  the  last  resulting^  with  each  of  tiie 
other  successively.  A  sailor,  to  know  the  true 
coursie  which  his  ship  has  steered,  considers,  first, 
the  forward  progress  as  found  by  the  log,  and  then 
the  leeway  or  sideward  motion  from  a  cross  wind, 
and  then  he  combines  the  result  of  these  with  the 
effect  of  any  tide  or  current  in  which  he  may  be 
saiUng. 

Resolution  of  Forces  is  a  phrase  pointing  to  another 
important  use  of  the  figure  or  parallelogram 
which  has  just  been  described,  viz.  that  of 
enabling  us,  when  any  force  or  motion  is  given, 
to  find  the  forces  in  any  other  directions,  of 
which  such  force  may  be  the  resulting  force  or 
motion,  and  into  which  it  may  be  resolved.     • 

If  a  line  be  given  representing 
a  single  force,  or  result  of  forces, 
as  b  «,  and  if  it  be  desired  to 
know  how  much  force  there  is 
in  this,  if  wanted  to  act  in  another 
1  direction,  ^s  b  c,  and  in  another 

a&  b  df  it  is  only  necessary  to  draw  lines  in  these 
directions  from  one  end  of  it,  and  to  complete  a 
square  or  parallelogram  on  it,  by  drawing  two  lines 
parallel  to  the  first  two  from  the  other  end :  the 
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lengths  of  6  c  and  h  rf,  cutoff  by  the  completing 
lines,  viz.  b  e  and  b  s,  shew  the  proportions  re- 
quired. 

It  is  thus  that  a  sailw,  who  knows  how  far  he 
has  sailed  in  a  particular  direction,  finds  out  how 
much  he  has  gone  north  and  east,  or  south  and 
west ;  in  other  words,  finds  out  the  difference  of 
latitude  and  longitude  between  his  present  place 
and  a  former  one. 

*  If  a  ball  by  strike  a  table, 

a  c,  directly  from  b  to  c,  with 
force  represented  by  the  line 
b  c,  and  if  it  be  supposed 
afterwards  with  the  same  ve- 

'  locity  to  approach  the  table 

in  the  oblique  direction  e  c,  it  will  then  strike 
with  as  much  less  force  than  before,  as  the  line 
e  a  is  shorter  than  e  c.  For,  according  to  the 
rule  for  decomposing  a  force,  the  line  e  «,  drawn 
here  directly  towards  the  table,  shews  the  force 
which  the  ball  has  in  that  direction. 
*  This  explains  the  important  cases  of  the  force 
of  wind  on  ships'  sails,  and  on  windmill  vanes ; 
and  the  force  of  water  on  float-boards,  and  on 
water-wheels,  &c. 

"  The  two  great  forces  of  Nature  are  Attraction 
and  Repulsion^*  (read  the  analysis^  page  48^. 

A  person,  on  first  approaching  this  subject,  is  far 
from  supposing  that  the  beautiful  and  endless 
variety  of  phenomena  which  are  seen  in  the  uni- 
versearound,  is  all  referable  to  the  two  principles, 
attraction  and  repulsion,  which  were  examined 
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in  tbefirst  section :  but  such  is  the  truth.  It  will 
first  be  shewn  how  the  great  daases  of  accede^ 
rated,  retarded,  and  bent  motions  arise  fiwn 
them. 

Unta  Newton  said  that  what  we  call  weight  of 
bodies  is  merely  an  instance  of  that  universal  at- 
traction of  matter  which  diminishes  with  tbe 
distance,  it  was  never  suspected  that  weight  was 
less,  high  up  in  the  air  than  on  the  ground,  or  on  a 
lofty  mountain  than  on  the  sea-shore.  But  that  it 
is  so,  aU  accurate  observations  declare.  If  the 
moon  were  a  little  nearer  to  the  earth,  the  tides 
would  rise  much  higher.  In  studjdng,  however, 
what  goes  on  in  obedience  to  gravity  near  the  sur* 
lace  of  the  earth,  exc^t  in  a  few  very  nice  cases^ 
gravity  may  be  considered  as  a  uniform  power. 
Man  can  neither  approach  the  centre  of  the  earth 
in  mines,  nor  recede  from  it  in  balloons,  enough 
to  produce  a  difference  of  effect  meriting  attention 
in  common  cases. 

«*  AcceknUed  mothpif  jrmn  gMvit^r 

Owing  to  the  inertia  of  matter,  any  force  con- 
tinuing to  act  on  a  mass  which  is  free  to  obey 
it,  produces  in  it  a  quickening  or  accelerated 
motion :  for  as  the  motion  given  in  the  first  inr 
stant,  continues  afterwards  without  any  farther 
force,  merely  on  account  of  the  inertia,  as  much 
more  motion  is  added  to  it  during  the  second  in- 
stant, and  as  much  again  during  the  third,  and  so 
on.  A  falling  body,  therefore,  under  the  influence 
of  attraction,  is  as  it  were  a  reservoir — receiving 
every  instant,  fresh  velodty  and  momentum. 
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It  is  Maid  that  Newton's  sublime  genius  read  tlie 
nature  of  atti'action  in  the  simple  incident  of  an 
apple  falling  from  a  lofty  branch,  while  he  was 
contemplating  in  his  garden.  The  eye  perceives, 
and  can  follow  an  apple  beginning  to  fall,  and  it 
can  mark  the  gradual  acceleration  of  its  descent 
explained  above,  until  at  last  its  path  affects  tlie 
sense  only  as  a  shadowy  line. 

A  boy  letting  a  ball  tb'op  iioin  his  hand,  can 
catch  it  again  in  tlje  first  instant,  but  after  a  little 
delay  his  hand  pursues  it  in  vain. 

A  fragment  of  rock,  detached  from  the  brow  of 
a  hill  by  the  lightning  stroke,  begins  its  motion 
alowly  :  but  once  fairly  launched,  it  gathers  fi-esh 
speed  and  momentum  with  every  instant,  and  is 
seen  bounding  from  steep  to  steep  with  increasing 
force,  and  sweeping  every  obstacle  before  it. 

Water  falling  from  any  reservoir,  forma  a  de- 
scending mass  or  stream,  which  is  smaller  below 
tlian  above,  in  the  proportion  iji  wliich  the  ve- 
locity increases.  This  is  observed  on  a  migiity 
scale  in  the  Falls  of  Niagara ;  where  the  river  is 
first  seen,  bending  over  the  precipice  a  vast  slow 
moving' mass,  then  gradually  becoming  a  thinner 
sheet,  and  flashing  into  the  deep  below,  with  the 
velocity  of  lightning. 

When  velocity  becomes  considerable  in  any 
case  of  falling,  it  cannot  be  measured  accurately 
by  tlie  eye,  but  its  effects  ascertain  it  A  man 
leaps  from  a  chair  with  impunity,  tiom  a  table  with 
a  shock,  from  a  high  window  with  fracture  of  liis 
bones,  and  in  falHng  from  a  balloon  his  body  is 
literally  dashed  to  pieces. 
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The  force  of  gravity  or  general  attraction,  is  such 
at  the  surface  of  this  earth,  that  in  one  second  it 
gives  to  a  body,  a  velocity  which,  remaining  uni- 
form,  and  without  farther  action  of  gravity,  would 
carry  it  through  thirty-two  feet  in  the  next  second. 
As  this  velocity  has  been  gradually  acquired,  how* 
ever,  the  body  had  only  half  of  it  at  the  half-se- 
cond, and  as  much  less  than  half  before  that  time, 
as  it  had  more  than  half,  afterwards ;  so  that  it  really 
falls  through  only  half  of  the  thirty-two,  viz.  sixteen 
feet  in  the  first  second.  In  the  next  second,  it  falls 
of  course  through  the  whole  thirty-two  feet,  with 
sixteen  additional,  from  the  new  action  of  gravity, 
in  all  forty-eight,  or  three  times  as  much  as  in  the 
first  second ;  at  the  end  of  this  time  the  velocity  is 
doubled,  or  is  now  sixty-four  feet  per  second,  so 
that  in  the  third  second  the  body  falls  sixty-four, 
and  other  new  sixteen,  in  all,  five  times  as  much 
as  in  the  first  second.  Knowing  this  progress,  the 
velocity  acquired  by  a  falling  body,  and  the  dis- 
tance through  which  it  falls  in  any  given  time,  are 
easily  ascertained ;  and  the  height  of  a  precipice, 
<Mr  the  depth  of  a  weU,  may  be  judged  of  pretty 
accurately,  by  marking  the  time  required  for  a 
body  to  fall  through  the  space. 

The  doctrines  of  falling  bodies  are  of  such  im- 
portance in  tiie  mathematical  examination  of  many 
of  the  phenomena  of  nature,  that  much  attmtion 
has  been  bestowed  upon  them.  Mr.  Atwood's 
ingenious  contri\^nce  has  enabled  experimenters 
to  retard  the  motion  of  ialling  bodies  to  any  de- 
sired degree,  without  otherwise  altering  its  cha- 
racter,   and   thus  has    rendered   evident  to  the 
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senses  ail  that  abstract  calculation  in  these 
matters  had  anticipated.  A  pound  weight  falls 
towards  the  ground,  sixteen  feet  in  the  first  second, 
and  proves  that  attraction  of  one  pound  has  just 
power  to  overcome  tlie  inertia  of  one  pound  at 
that  rate.  ]Jut  if  the  inertia  were  doubled,  or 
tripled,  or  increased  in  any  other  degree,  the  fall 
of  course  would  be  just  so  much  slower.  Now 
Mr.  Atwood  succeeded  in  rendering  it  as  great  as 
was  desirable  for  the  most  accurate  obseiTation. 
He  caused  his  falling  weights  to  overcome  not 
only  their  own  inertia,  but  also  that  of  other  weights. 
fT^  Thus,  a  and  b,  being  weights  of  two 
|-^  pounds  each,  balancing  each  other  over 
\  I  the  pulley  c,  are  moved  by  a  weight  of 
one  pound,  d,  hooked  to  one  of  tliem,  and 
gravity  in  pulling  tiiis  down,  witli  ibrce 
"3  n^  °^'  **^^  pound,  has  to  overcome,  not  the 
Qrf  inertia  of  one  pound,  but  of  five,  for  the 
other  two  weights  must  move  as  fast  as  the  one 
pound  does.  Thus  the  velocity  is  reduced  to  one- 
fifth  of  what  is  natural  to  a  falling  body,  and  can 
be  more  minutely  observed.  The  experiments 
with  Atwood's  machine  may  be  exceedingly  varied, 
and  are  most  interesting. 

"  Retarded  M ul Ion  "  J'rom  gravity. 

What  has  been  said  o^  the  changing  velocity  of 
a  falling  body,  from  gravity,  is  exactly  true  in  a 
reversed  way,  of  a  rising  body  obeying  it. 

A  bidlet  shot  directly  upwards,  every  instant 
loses  a  part  of  its  velocity,  until  at  last  it  comes 
to  rest  in  the  sky,  and  a  soaring  eagle  might  see 
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the  messenger  of  death  motionless  and  harmleiB 
for  a  moment  b  j  his  side :  it  woidd  then  deaoemft 
again,  and»  but  for  the  resistance  of  the  air^  woukt 
have  acquired,  on  reaching  the  grouml,  exactl5r 
the  velocity  with  which  it  had  left  it :  and  at  cotN 
responding  points  of  the  ascent  and  descent,  the 
velocities  would  have  been  equal. 

In  shooting  for  amusement  at  bodies  thrown  up 
into  the  air,  it  is  easy  to  hit  them  neat  their  poat 
of  turning,  and  more  difficult  always  as  tl^  are 
nearer  to  the  ground,  whether  rising  or  fidling. 

An  upward  jet  of  water  is  small  below,  whei^  it 
issues  from  the  pipe  with  great  velocity,  but  it 
becomes  more  bulky  as  the  water  loses  velocity  in 
ascending,  and  at  the  top,  it  often  spreads  a  little 
like  a  palm  tree,  and  any  light  round  s<^d  maybe 
supported  upon  its  summit. 

The  rise  of  a  pendulum  from  the  bottom  of  its 
arc,  is  an  exact  copy,  reversed,  of  its  previous 
descent  to  that  point. 

Pendvhm 

is  a  name  applicable  to  any  body  so  suspended  that 
it  may  swing  backwards  and  forwards ;  and  when 
such  a  body  is  made  of  certain  form  and  lengthy 
though  so  simple,  it  becomes  one  of  the  most  useful 
contrivances  of  man's  ingenuity. 

Galileo  had  observed  the  hanging  lamps  and 
chandeliers  of  lofty  ceilings,  to  continue  vibrating 
with  great  uniformity,  for  a  long  time  after  any 
accidental  cause  of  disturbance ;  and  thiis  pheno- 
menon, which  in  some  shf^e  or  other  had  beefi  b^ 
fcM^  the  eyes  of  men  from  the  beginning  <rf  the 


world,  when  investigated  by  his  genius,  led  to 
the  most  iinpoitaut  results.  Independently  of 
tha  light  which  the  theoiy  of"  the  pendulum  hast 
thrown  on  viirious  branches  of  piiysics,  the  thing 
itself,  with  a  few  wlieels  attached  to  record  its 
vibrations,  has  now  become  the  perfect  time-keeper, 
filiating  the  actions  and  affairs  of  men. 

A  common  pendulum 
is  a  body,  as  «,  suspend- 
ed from  a  fixed  point,  as 
6,  and  made  to  swing 
'• ''  backwards  and  forwards, 
or  to  vibrate,  under  this 
point.  Being  raised  to  c, 
and  then  set  at  liberty,  it  falls  back  to  a  with  an 
accelerating  motion,  and  when  arrived  there,  it 
has  just  acquired  momentum  enough  to  carry  it 
to  an  equal  elevation  on  the  other  side,  at  d; 
troDl  this  it  falls  back  again,  again  to  rise,  and  it 
would  so  go  on  for  ever,  but  for  the  impediments 

of  air  and  friction The  pendulum  is  strictly  an 

object  of  nw.tliematical  study :  but  we  shall  attempt 
to  give  a  general  idea  of  its  cliaracteristics  in  com- 
mon language. 

1.  The  times  Qf^  i/te  vibraimis  of  a  pendulum 
are  very  nearly  equal,  whether  it  be  moving  much 
or  little,  tliat  is,  whether  it  be  describing  large 
arcs  or  small  ones.  It  is  this  quality  which  makes 
it  a  time-keeper.  The  reason  that  a  large  vibration 
is  performed  in  the  same  time  with  a  small  one — 
in  other  words,  that  the  pendulum  always  moves 
faster  in  proportion  as  its  journey  is  longer — is, 
that  the  larger  the  arc  of  the  circle  described,  the 
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more  steep  its  beginning  and  ending  are»  rand  the 
more  rapidly,  therefore,  the  pendulum  faUb  down 
at  first,  and  stops  at  last,  and  sweeps  al<Hig  the 
intermediate  space.  The  portion  c  e  of  the  arc  is 
much  more  steep  thanthe  equal  portioned.  Apen* 
dulum  made  to  \ibrate  in  the  cun^  called  a  cy- 
cloid, which  difiers  a  little  from  the  circle,  has  its 
beats  perfectly  synchronous  or  equal,  under  all 
drcumstances« 

A  clock  is  merely  a  pendulum,  with  wheel-work, 
to  count  the  number  of  the  Wbrations,  and  with 
a  weight  or  spring  that  has  force  enough  to  coun- 
teract the  retarding  eflfects  of  friction  and  the 
resistance  of  the  air.  The  wheels  shew  how  many 
beats  of  the  pendulum  have  taken  place,  because 
at  e\'erk'  beat,  a  tooth  of  the  last  wheel  is  allowed 
to  pass.  Now  if  this  has  sixty  teeth,  as  is  com- 
mon, it  wiU  just  turn  round  once  for  sixty  beats 
of  the  pendulum,  or  seconds,  and  therefore  a  hand 
upon  its  axis  wHl  be  the  second  hand  of  the  clock. 
The  other  wheels  are  so  connected  with  this  one, 
and  the  niunbers  of  teeth  so  proportioned,  that  the 
axis  of  one  mav  carrv  a  minute  hand,  and  of  an- 
other  an  hour  hand. 

2.  The  lengi/i  of  a  penduhim  influences  the 
time  of  its  \ibration. 

Long  penduliuns  Wbrate  more  slowly  than  short 
ones,  because,  in  the  corresponding  arcs  or  paths, 
the  long  pendulum  has  a  greater  journey  to  perform. 
If  it  be  twice  as  long,  it  has  twice  as  much  to  fall 
in  its  descending  half  of  the  arc ;  but  as  a  body  falls 
four  times  as  tar  in  two  seconds  as  in  one,  from 
the  acceleration  of  its  motion,  theretbre  a  pendulum 


must  be  four  times  as  long,  tu  beat  once  in  two 
seconds,  as  to  beat  every  second.  A  pendulum  of 
a  Httle  more  than  thirty-nine  inches,  beats  seconds  ; 
one  of  four  times  that  length  is  required  to  beat 
double  seconds,  and  one  of  one-fouith  tlie  length 
to  beat  half  seconds.  The  thousandth  of  an  inch 
in  the  length  of  a  pendulum  alters  the  rate  of 
going  of  the  clock,  and  hence  the  necessity  of  ex- 
treme accuracy.  Even  the  dilatation  or  con- 
traction from  tlie  changing  heat  of  the  seasons, 
is  quite  sufficient  to  aftect  the  motion,  and 
those  ingenious  contrivances  to  counteract  such 
influence  have  arisen  in  consequence,  which  are 
described  farther  on,  in  the  chapter  on  IJeat. 
Common  clocks  arc  regulated  by  a  screw  wliich 
lifts  or  lets  down  the  ball  of  the  pendulum.  This 
changes  the  effective  length  of  the  pendulum,  which 
is  the  distance  between  the  point  of  suspension, 
and  what  is  called  the  cejifre  of  oscillation,  treated  of 
in  the  next  chapter.  As  all  pendulums  must  be 
of  the  same  length,  to  beat  in  the  same  tijne, 
they  constitute  an  easily  found  and  correct 
standard  of  measure. 

3.  The  force  of  gravity,  of  course,  is  what  deter- 
mines how  long  the  pendulum  shall  be  in  falling 
to  the  bottom  of  its  arc,  and  how  long  in  rising, 
for  the  ball  of  the  pendulum  may  be  considered 
as  a  body  descending  on  a  slope  ;  a  change  in  the 
fwce  of  gravity,  therefore,  would  at  once  alter 
the  rate  of  all  the  clocks  on  earth.  And  in  reality, 
as  at  the  equator  of  our  earth,  gravity  is  coun- 
teracted, by  die  centriftigal  force  produced  by 
the    earth's    motion,    as    already    explained,    a 
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petiduluin  goes  slower  there  than  elsewhere,  iwd 
mu6t  be  shortened  in  consequence  to  •ajikwer  its 
purpose.  ;.  '  . 

There  are  many  modern  a/Stronomiod  '^looktHo 
perfect)  that  they  do  not  lose  oi^e  beat  of  the  p6&- 
dulum  in  twdve  months^ 

There  is  a  small  pendulum  called  a  metronotiit, 
used  by  musicians  for  marking  time  ^  and  aldiimgh 
very  shorty  it  still  will  beat  seconds^  or  eyeti 
longer  intelrvak.  The  reiison  of  its  slow  motion 
is,  that  its  rod  is  prolonged  upwards, .  to  i,  bi^yomi 
1^  its  axis  of  support  at  iE,  and  theue 

-"i^        is  a  bail  upon  the  top,  at  *,  as.  well 
^^  as  on  the  bottom,  at  c ;  which  upper 

ball  prevents  the  under  one  frodot 
moving  so  fast  as  it  otherwise  would, 
just  as  a  small  weight  attached  ito 
one  end  of  a  weighing  beam,  pre- 
vents  a  weight  attached  to  the  ^e^thec, 
firom  falling  so  fast  as  it  would  if  there  were  no 
counterpoise.  The  rate  of  motion  changes  with 
every  change  in  the  position  of  i.  ;  m 

A  pocket  watch  differs  from  a  clock,  in  having 
a  vibrating  wheel  instead  of  a  vibrating  .pen- 
dulum :;  and  as,  in  a  clock,  gravity  is  always 
.pullihg  the  pendulum  down  to  the  bolttom  <of  fte 
arc,  which  iis  its  natuural  place  of  rest,  but  oajb 
never  iix  it  there,  because  the  momentum  ^  ae- 
-quired  during,  its  &11  from  one  side,  always 'caiu 
iieiS  it  up  to  an  equal  height  on  tiie  other-^nso  m  It 
watdi,  a  spifid  spring  surrounding  the  axis  ctf-  tiie 
moving  balance-wheel  is.  always  pulling  this  to- 
wards, a  iaaiddle  position  of.  rest,  but  can  n^er 
fix  it  there,  because  the^  momentum  acquired  dur- 
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ing  the  approach  to  it  i'vom  eitlier  side  carries  it  just 
as  far  past  it  oii  Uie  other  side,  and  the  spring  has 
to  begin  its  work  again.  The  balance-wheel  at  each 
vibration  allows  one  tooth  of  the  adjoining  wheel 
to  pass,  as  the  pendiduni  does  in  a  clock,  and  the 
record  of  the  beats  is  preserved  by  the  wheels 
which  follow,  as  already'  explained  for  the  clock, 
A  main-spring  is  used  to  keep  up  the  motion  of  a 
watch,  instead  of  tlie  weight  used  in  a  clock,  and 
as  the  spring  acts,  wliatever  be  its  position,  a 
watch  keeps  time,  although  worn  in  the  pocket  or 
carried  in  a  moving  ship. 

It  would  be  exceeding  the  limit  marked  out  for 
this  general  work,  to  speak  more  particidarly  of 
those  admirable  watciies  which  have  been  produced 
within  the  last  thirty  years  under  the  name  of 
clironoraeters,  for  the  purpose  of  finding  the  lon-< 
gitude  at  sea ;  but  the  autJior  may  perhaps  be 
excused  for  mentioning  liere,  a  moment  of  sur- 
prise and  deUght  which  he  experienced,  when  he 
first  saw  their  singulai'  perfection  experimentaUy 
proved,  Atler  months  spent  at  sea,  in  a  long. 
passage  from  South  America  to  Asia,  his  pocket 
chronometer  with  others  on  board,  announced  one 
morning  tliat  a  certain  point  of  land  was  now  bear- 
ing north  from  the  ship  at  a  distance  of  only  fifty. 
miles  i  in  an  hour  afterwards,  when  a  mist  had 
cleared  away,  the  looker-out  on  the  mast  gave  the 
joyous  call  of  "  Land  a-head  !"  verifying  the  report 
of  the  chronometers  almost  to  one  mile,  after  a 
voyage  of  thousands.  It  iis  allowable  at  such  a  mo- 
ment* with  the  dangers  and  uncertainties  of  ancient 
navigation  before  the  mind,  to  exult,  in  contem- 
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plating  what  man  has  now  achieved — ^in  coritem- 
plating  the  correctness  of  the  sciences,  and  the 
perfection  of  the  various  arts  which  contribute  tcr 
such  a  result  as  now  related. 

Bent  or  curvilinear  motion  from  attraction. — ^This 
takes  place  whenever  attraction  is  acting  across 
the  path  of  any  existing  motion.  The  flying  csjy 
nan  ball  or  stone,  drawn  down  by  gravity,  is  ah 
example,  for  the  projectile  force  ceased  with  the' 
first  impulse,  but  the  bending  force  is  acting  every, 
instant,  and  every  instant  causes  a  new  bend,  and 
thus  produces  a  curvilinear  path. 

An  oblique  jet  of  water  is  to  the  eye  a  perma- 
nent exhibition  of  the  curve  described  by  a  bodjr 
thus  projected.  The  separate  atoms  of  the  liqnift 
move  in  the  line  which  they  would  describe  if 
they  had  been  projected  singly,  and  the  continue 
succession  of  them  marks  the  line  of  situatimis 
in  which  each  has  been  or  will  be  before  it  faHs- 

A  cannon  or  musket  ball,  shot  quite  horizcwB^ 
tally,  will  touch  the  ground  just  as  soon  as  a 
ball  dropt  direct  from  the  cannon's  mouth; 
for  its  forward  or  projectile  motion  does  not  at 
all  interfere  with  the  action  of  gravity.  This  fkct 
makes  strikingly  sensible  the  extraordinary  spe^ 
of  a  cannon  ball,  which  has  already  advanced  eight 
hundred  feet  in  the  time  that  a  ball  dropt  from  th6 
hand  of  a  standing  person  takes  to  reach  the  earth; 
It  also  explains  why,  for  a  long  range,  the  gun  must 
always  be  pointed  more  or  less  upwards.  • 

The  minute  study  of  this  subject  becomes  very 
important  to  military  engineers,  and  it  is  kricwn 
how  successfully  they  have  pursued  it,  by  th6  pa»eM 
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cisibn  with  which  they  can  send  their  shot  and 
shells  to  marks  at  very  great  distances. 

A  cannon  ball  shot  horizon4^ 
tally  from  the  top  of  a 
\  mountain,  would  go  three  i 
I  four  miles.     (The  mountain  i 
I    \  ///'represented    on    an    enia 

^  v^  5^7/  scale,  as  standing  on  the  g 

at  a.)     If  there  were  no   at^^ 
mosphere  to    resist   its  motion,  or  if  the  moun-'l 
tain   top  were  above    the  surtace  of  the  atmoi^'l 
phere,  the  same  original  velocity  would  carry  i 
thirty  or  forty  miles  before  it  fell,  as  to  l> ;  wit! 
more  force  still  it  would  reach  to  c,  and  with  stil]'"] 
more  to  d.     And  if  it  could  be  despatched  with* 
about  ten  times  the  velocity  of  our  swiftest  cannon  ■] 
shot,  it  would  not  liave  ajjproached  nearer  to  thSM 
earth  even  when  it  had  got  quite  round  to  s  or  to  «  "I 
again  ^  and  its  velocity  being  undiminished,  it  would'' 
he  ready  to  set  out  on  a  similar  tour.  It  woiUd  thuaj  < 
in  fact,  become  a  little  satellite,  or  planetary  body;  i 
revolving    round    the  earth.       In  the  successival'l 
ranges  here  supposed,  it  is  seen  that  the  centrifngaV^ 
force  of  the  ball,  or  its  tendency  to  move  in 
straight  line,  becomes  more  and  more  nearly  a  conn-  *1 
terbalance  to  gravity,  and  at  last  is  exactly  equsi* 
to  it.     If  the  force  given  to  the  ball  were  more" 
than  sufficient  to  bring  it  round  again  to  the  level-' 
of  (7,  it  would  fly  off  altogether  from  the  earth  tike  i. ' 
stone  from  a  sling,  and  would  acquire  the  eccentric 
motion  of  a  comet.     There  may  really  be  many 
such  revolving  masses  above  our  atmosphere,  aU 
e  3 
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though  invisible  to  us  from  their  smalbiess }  and 
it  has  been  supposed  by  some^  that  the  nebeta^rit' 
stoneS)  which  fall  every  now  and  then,  come 
from  such,  or  that  they  are  the  entire  bodies, 
which  have  in  tome  way  become  entangled  in  our 
atmosphere,  and  have  fallen  in  consequence.  The 
four  little  planets  discovered  lately  between  Miars 
and  Jupiter,  are  not  larger  than  a  six-thousandth 
part  of  our  earth*^ 

Repulsion  produces  accelerated^  retarded^  and 
bent  motions,  like  attraction,  but  it  acts  only  at 
minute  distances.  Attraction  draws  from  the  sun, 
or  from  the  very  limits  of  the  universe  ;  while  re^ 
ptdsion  acts,  for  instance,  between  the  adjoining 
atoms  of  an  elastic  fluid.  Yet  repulsion  plays^  a 
part  in  the  economy  of  nature,  not  at  all  inferior 
to  its  sister  attraction.  We  have  already  seen^ 
when  considering  the  constitution  of  masses  VjX 
section  first,  that  repulsion  keeps  the  atoms  of 
bodies  from  reaching  complete  contact ;  that  with 
increase  of  temperature,  it  causes  these  atoms  to 
separate  and  to  form  a  liquid,  or  even  an  air  ;  that  it 
operates  around  all  masses  as  if  it  were  a  film  or  cOr 
vering,  preventing  their  mutual  cohesion,  &c.  &e. 

Accelerated  motion  from  repulsion,  is  seen 
Svhen  the  atoms  of  gunpowder  explode  and 
propel  the  bullet  from  the  bottom  of  the  piece  to 
the  •  muzzle,  with  such  rapidly  increasijig  v^^- 
Jocity.  The  strength  of  this  repulsion  of  gun^ 
powder  is  so  much  stronger  than  the  strength  of 
attraction,  that  its  action  on  a  bullet,  during  th^ 
passage  along  a  barrel  of  five  or  six  feet,  will  •  not 
be  overcome  by  gravity  in  an  ascent  of  a  mile  or 
more. 


A  visibly  retarded  motion  from  repulHion,  is 
when  a  moving  body  rolls  against  a  bladder  full  of 
air,  or  against  the  handle  of  an  air  syringe,  so  as 
to  cause  the  piston  to  compress  the  air  beneath  it. 

Any  elastic  body  striking  against  another  and 
recoiling,  exhibits  in  conjunction  the  phenomena 
of  retardation,  acceleration,  and  often  of  bendiilgii 
ri"oni  repulsion  ;  for  instance  :  ' 

An  ivory  ball  driven  forcibly  against  a  marble 
slab,  does  not  stop  in  the  instant  that  apparent 
contact  takes  place,  but  still  advances  and  com- 
presses that  part  which  is  against  the  marble,  as  is 
proved  by  the  facts  mentioned  at  page  42.  While 
tills  compression  of  the  ivory  is  going  on,  the 
resistance  made  by  the  uicreasing  repulsion  of  the 
atoms  gradually  retards,  and  ultimately  destroys 
tlie  fora-ard  motion  of  the  l)aH  ;  and  at  the  instant 
of  its  final  anest,  the  parts  in  contact,  botli  of  the 
ball  and  marble,  being  in  their  greatest  degree  of 
C(un]^ret4sion,  continue  to  act  on  tlie  ball  and  to 
te}»el  it  again  with  gradually  accelerating  motion, 
nntil  it  leaves  the  marble,  with  the  same  velocity 
which  it  had  on  approaching  it.  The  retardation 
and  accelei-ation  take  place  here  within  so  small  a 
space,  and  in  so  short  a  time,  that  tlicy  are  not 
i^iparent  to  sense,  but  the  mind  perceives  the 
nature  of  the  phenomenon  a«  distinctly  as  if  the 
ball  rolled  against  the  end  of  a  long  steel  spring 
and  were  again  thrown  back  from  it.  If  the  bail 
strike  the  marble  obliquely,  it  does  not  reboulid  io 
the  same  line  by  which  it  approached,  but  just  a-s 
obliquelyon  tlieother  side  of  the  perpendicular  line, 
c.  I- 
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and  it  then  exhibits  a  b^nt  motimi. 
a  represents  the  ball,  c  the  pmnt 
where  it  strikes  die  sUb,  b  the  reflect- 
ed bally  </c  the  perpendicular. 

.  And  if  the  ivory  ball  and  marble  were  both 
perfectly  hard,  and  without  elastidty,  still  the  re- 
pulsion which  surrounds  all  bodies,  as  a  thin  co* 
vering,  preventing  their  cohesion,  would  act  ex- 
actly  as  the  elasticity  of  the  ivory  in  the  last  case, 
and  would  cause  a  retarded  motion  until  perfect 
rest  came,  and  then  an  accelerated  motion  back 
again,  imtil  the  ball  returned  with  its  primitive 
velocity. 

Collision  between  hard  bodies  always  exhibits 
more  or  less  of  the  truth  now  described ;  between 
s(^  bodies,  as  between  lumps  of  lead  or  of  soft, 
day,  the  approaching  parts  mutually  displace  each 
other,  and  there  is  no  recoil.  ^; 

When  a  straight  steel  plate,  with  its  end  fixed 
in  a  block,  is  bent,  as  by  a  moving  ball  rolling 
against  it,  the  atoms  on  the  side  which  becomes 
concave  are  approximated  thereby,  and  there  is.  a 
resistance  or  repulsion  gradually  increa^ng  among, 
them  as  the  spring  bends:  on  the  convex  side, 
again,  the  atoms  are  drawn  a  little  more  from  eacb 
other  than  in  their  natural  relation,  and  are  there- 
fore attracting  to  return,  and  the  recoil  of  tiie 
spring  is  owing  to  both  forces  trying  to  replace 
the  atoms  of  the  plate  in  their  former  relations. 
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"  Tides,  Winds,  S,v.  are  Attraction"  (read  the  an*^  J 
lysis,  page  48). 

Until  we  reflect  on  the  subject,  we  do  not  peri'  J 
ceive  tiiat  all  the  phenomena  of  nature  are  in^\ 
stances  of  attraction  and  repulsion,  acting  under  j 
variety  of  circumstances. 

Tides  are  raised  by  the  attraction  of  the  moo»|1 
and  sun,  and  fall  again  by  the  general  attractioniJ 
of  the  eartli.     They  do  a  great  deal  of  work  for 
miin.     They  carry  liis  ships  along  the  coasts,   and 
up  and  down  his  rivers ;  they  turn  water-wheelfl 
for  him ;  they  fill  his  docks  and  canals  at  convcg  " 
nient  times ;  they  rise  to  receive  his  ships,  launch- 
ed from  elevated  dock-yards,  &c.     What  a  busy, 
scene  is  a  great  sea-port  river,  witli  the  rising  ani 
falling  of  tlie  tide — and  tlie  thousands  of  people 
all    along  the  banks  borrowing  its  assistance  in, 
tlieir  various  occupations ! 

Winds  are  produced  chiefly  by  tlic  attraction  of 
the  earth  drawing  the  atmosi)here  to  a  level  after 
the  action  of  disturbing  causes,  such  as  the  heat 
of  tlie  sun,  &c.  It  helps  men  in  their  impor- 
tant concern  of  naiigaiion.  It  turns  their  wind- 
mills, &c. 

Cvrrenls,  as  in  rivers,  are  water  sliding  down 
slopes,  or  regaining  its  level,  in  obedience  to  the 
earth's  attraction.  Water-mills  and  inland  navi- 
gation are  among  the  advantages  it  yields  to  man. 

All  Jailing  and  pressing  bodies  cxiiibit  attraction 
in  its  simplest  form. 

F..rplnsions,  steam,  ■Spring'!,  S^x.  are  rcpuision. 
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Explosion  of  gunpowder  is  repulsion  among  the 
atoms  wben  assuming  the  form  of  air. 

Steam,  by  the  repulsion  among  its  particles, 
moves  the  jHston  of  the  steam  eiogm^  and  in  mjar 
days  does  half  of  the  work  of  man. 

AcddeiKtal  explosKMis  c^fire-damp^  <Mr  hydrogon, 
in  mines,  and  the  tremendous  evolutioeos  of  elas- 
tic fluid  in  volcanoes  and  earthquakes,  are  other 
instances  of  the  same  class. 

All  elasticity,  as  in  springs,  collision,  &c^  be- 
longs also  chiefly  to  repulsion. 

A  spring  is  often,  as  it  were,  a  reservoir  of 
force,  kept  ready  charged  for  any  purpose,  as 
when  a  gun-lock  is  cocked,  a  watch  wound  up,  &c. 

It  will  be  remarked,  with  respect  to  many  of 
the  phenomena  now  and  hereafter  to  be  mentioned, 
that  it  is  not  the  original  attraction  or  repulsioii 
which  caused  the  motion,  that  man  uses  as  hts  ser- 
vant, but  the  momentum  gradually  accumulated  in 
masses  by  such  attraction  or  repulsion. 

The  magneticaly  electrical,  gahanic^  and  optical 
phenomena,  are  also  in  great  part  peculiar  attrac- 
tions and  repulsions,  as  will  be  seen  in  the  chapters 
devoted  to  them.  And  even  the  actions  qfammaU^ 
so  infinitely  varied,  are  produced  simply  by  the 
shortening  of  the  fleshy  threads  called  musculaj^ 
fibi^s,  through  the  mutual  attraction  of  their  coni- 
ponent  atoms ;  just  as  the  \*aried  motions  ci  a 
tel^raph,  or  of  a  ship's  yards,  are  produced  by 
the  action  of  shortening  and  lengthening  the  ropes 
of  connexion. 

However  doselv  allied  the  attractioDs  and  rfrr 
pulsions  seen  in  these  la$t-mentioned  phewwMna, 
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may  be  to  the  general  attraction  and  repulsion 
already  treated  of,  it  is  found  convenient  to  con- 
sider them  apart,  and  they  are  accordingly  reserved 
for  future  chapters. 

In  the  remarkable  phenomena  of  nature  and  art, 
all  caused,  as  now  shewn,  by  attraction  and  re- 
pulsion, these  forces  do  not  operate  by  a  single 
impulse,  but  through  a  repetition  of  impulses,  or 
a  continued  action,  of  which  the  effect  is  accu- 
mulated  In  the  inertia  of  matter.  Thus  all  great 
velocities  are  the  terminations  of  an  accelerated 
motion. 

Meteoric  stones,  falling  from  great  heights, 
bury  themselves  deep  in  the  earth  by  the  force  of 
their  gradually  acquired  velocity. 

Wlien  the  wood-cutters  among  tlie  Alps  launch 
an  enormous  tree  from  higli  on  tlie  moimtain  side, 
along  the  smooth  wooden  trough  or  channel  pre- 
pared for  it,  in  fewer  minutes  than  it  traverses 
miles,  it  is  seen  plunging  into  the  lake  below;  but 
it  acquires  its  frightful  velocity,  not  at  once,  but 
througii  the  action  of  gravity  continued  during  its 
descent. 

The  shock  or  blow  of  the  ram  of  a  pile-engine,  is 
not  the  simple  effect  of  the  attiaction  between  it 
and  tlie  earth,  but  of  that  attiaction  accumidating 
its  power  during  the  descent  of  tlie  ram  through 
a  space  of  twenty  or  thirty  feet. 

A  common  hammer,  in  its  instantaneous  sliock» 
has  the  condensed  effect  of  the  arm  and  of  gravity; 
accumulated  through  its  wiiole  })rcvioiis  course  ; 
and  wiien  a  powerful  blow  is  intended,  the  ham- 
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meir;  or  hatchet,  or  club,  or  fist  in  boxing;  is  lifted 
high  and  carried  far  back,  that  there  may  be  Uttie 
and  space  ifor  imparting  greater  power  to  it. 

Many  actions  of  the  inferior  animals  are  illustra^ 
tiv6  of  the  saiiv^  truth,  and  prove  their  experi- 
mental or  instinctive  acquaintance  with  it. 

Sea  birds  carry  shell-fish  up  into  the  air,  and 
drop  tliem  on  smootli  stones,  to  break  them,  and 
to  obtain  the  food.  It  is  related  in  Grecian  story 
tliat  a  bird  once  mistook  the  venerable  bald  head 
of  a  sage  meditating  on  tlie  sea-shore  for  a  smooth 
stone,  and  by  tlie  same  act  killed  an  oyster  and  a 
philosopher. 

There  arc  some  long-necked  birds,  that  fight 
and  kill  tlieir  prey,  by  a  blow  of  their  head. 
They  draw  back  the  head,  bending  the  neck  fike 
a  swan  or  serpent,  and  then  dart  it  forward,  with 
a  coiUinued  eflbrt,  until  tlie  strong  wedge-like  beak 
at  last  reaches  the  object,  almost  with  the  velocity 
of  a  pistt^I  bullet* 

RulK  rams,  and  goats  in  fighting,  alternately 
recede  and  nm  at  each  <vther,  that  the  shock  may 
bo  great  when  the  foreheads  meet. 

A  hor^  in  kicking,  from  the  great  length  of 
hi«  le^,  and  the  conssequent  space  through  which 
he  can  bo  adding  >^<vc3tA\  5^nd5  his  foot  at  last 
a^nst  the  ol^tacJe,  almc^st  like  a  cannon  shot 

A  l>ow-strii>g  prc^^Bing  an  arrow,  follows  it 
for  a  conadoiaWo  way,  and  hence  the  great  ve- 
rity «i  last  pitHln<^i 

A  i^ng  giTwiihe  hand  the  ]wiwr  of  staD  addEi^ 
xThntT  to  t!)e  59(«iie  wben  alrfc^ 


The  battering  rams  of  the  ancients  allowed 
those  about  them  to  accumulate  in  them  the 
eflbrts  of  many  hands,  and  of  a  considerable 
duration  of  action,  and  gave  at  last  one  great  and 
sudden  shock. 

Even  the  gentle  action  of  the  human  breath, 
exerted  for  a  time  on  a  pea  or  small  hard  ball  of 
clay,  as  this  passes  or  is  blown  tlirough  a  long 
smootli  tube,  gives  a  velocity  which  will  inflict  a 
sharp  and  painful  stroke  on  a  distant  animal.  In 
Borneo  and  others  of  the  Eastern  Islands,  poisoned 
ari'ows  are  thrown  in  this  way  with  great  force 
and  precision. 

The  extraordinary  action  of  gunpowder  on 
bullets,  although  appearing  so  sudden,  is  still  not 
an  instantaneous,  but  a  gradual,  and  therefore  acce- 
lerating action,  and  accordingly  we  find  the  effect 
to  depend  much  on  the  lengtli  of  tiie  piece  along 
which  the  force  pursues  the  ball.  A  small  fast- 
sailing  vessel  with  a  single  long  gun,  has  often 
obliged  a  very  superior  vessel,  whose  guns  were 
shorter,  to  yield. 

For  the  same  reason  that  all  great  velocities  rer 
quire  continued  action  or  repeated  impidse  to 
produce  them,  so  do  they  also  to  destroy  them  ; 
the  inertia  of  motion  and  of  rest  being  exactly 
equal. 

A  vast  mass  of  rock  suspended  like  a  pendulum, 
and  allowed  to  sweep  down  its  curve  from  a  con- 
siderable elevation,  would  airive  at  the  bottom  of 
it,  like  a  battering  ram,  with  force  sufficient  to 
shake  a  thick  wall  or  rampart  from  its  foundation. 
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The  continued  action  of  gravity  gaspe  this  Ibtbe, 
and  i^  instead  of  the  adid  resistanoe  now  mnj^ 
poted^.  and  which  is  not  anfficient  to  take  i3M 
OKHnentam  away,  the  mass  were  merdiy  allowed 
to  continue  its  course  and  ascend  on  the  other 
side,  the  continued  action  of  gravity  now  opposing 
Its  motion,  would  bring  it  to  powerless  rest  again 
by  the  time  it  had  reached  an  elevation  equal;  to 
that  from  which  it  fell. 

Soft  air  expancHng  gives  gradually  the  death* 
carrying  velocity  to  the  cannon  ball ;  and  sofl  air* 
or  cotton,  or  wool,  resisting  in  a  dose  strong  tube^ 
if  the  bullet  could  be  directed  exactiy  into  it, 
would  again  gradually  stop  it.  Were  the  attempt 
made,  however,  to  stop  it  suddenly,  by  a  blodt 
of  the  hardest  granite,  this  would  be  instantly 
liven  by  its  force. 

Bales  of  cotton  or  thick  yielding  cork  attaiihed 
«>und  a  ship  will  receive  cannon  balls,  and  bring 
tiiem  to  rest,  without  themselves  suffering  much, 
while  the  naked  firm  side  of  the  ship  would  be 
penetrated.  The  cotton  or  coxk  oflfers  an  in- 
creasing resistance  through  a  considerable  space, 
while  the  oak  opposes  its  hard  front  at  once,  but 
only  for  a  moment,  and  must  therefore  instantiy 
suffice  or  be  destroyed.  A  hard  bodr,  that  it 
may  at  once  destroy  such  a  motion  as  we  are  sup- 
posing, must  be  able  to  exert  as  much  force  in 
perhaps  the  space  of  one4iundreth  of  an  inch, 
that  is,  in  the  extaoit  to  which  its  elasticity  wiU 
let  it  yield  without  breaking,  as  the  moving  cause 
gave,  thioi]^  a  reiT  mudi  greater  space.  When 
it  camat  do  this  it  must  be  Imitoi  or  peoel^ated 
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by  the  moving  body.  But  tlie  continued  oppo- 
sition of  a  thick  mass  of  wood,  stone,  or  earth, 
brings  a  bullet  to  rest  just  as  any  more  elastic 
(^position  Would,  and  gunners  have  ascertained 
the  exact  depth  in  each  to  which  a  ball  will 
penetrate.  Tliey  call  buildings  bomb  or  ball  proof, 
which  have  a  thickness  or  depth  exceeding  this. 

A  hempen  or  silken  rope  supporting  the  scale 
of  a  weighing  beam,  would  resist  a  greater  weight 
falling  into  the  scale,  tlian  an  iron  chain  would, 
although  tills  were  stronger  than  the  rope  for  the 
purpose  of  bearing  a  quiescent  weight ;  because  the 
hemp  or  silk  would  yield  by  its  elasticity,  and  con- 
tinue to  r^eat  its  resistance  through  a  consider- 
able space,  and  thus  at  last  would  gradually  over- 
come tlie  momentum  ;  while  the  iron  not  yielding, 
would  require  either  to  be  strong  enough  to  stop 
the  thing  suddenly,  or  would  break. 

Yet,  for  the  same  reason  that  iron  was  weakest 
in  the  last  case,  it  is  stronger  as  a  cable  for 
a  ship,  tlian  hemp  or  rope  is — ^because  the  chain 
by  its  weight  hangs  as  a  ciii"ve  or  arch  in 
the  water,  while  the  rope  being  nearly  of  the 
weight  of  water,  is  supported  by  it  and  becomes 
almost  a  straight  line  from  the  anchor  to  the  ship. 
Now  when  a  great  wave  dashes  against  the  ship, 
the  r<qje  can  only  yield  by  the  elasticity  of  its 
material,  and  this  is  very  little,  while  the  chain 
yields  until  it  be  drawn  nearly  straight,  and  by 
this  greater  latitude  of  yielding,  and  therefore 
length  of  resistance,  it  withstands  a  greater  strain. 

A  great  sliip  moving  quickly  with  the  tide  or 
wind  could  not  be  stopped  instantly  by  it  sh&tt 
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chain  of  ^ny  magnitude — something  would  ceiv 
tainly  give  way  if  die  attempt  were  made;  but  a 
rope  of  very  moderate  size,  kept  tight  betwe^ 
the  shore  and  the  ship,  and  allowed  to  slip  a  little 
from  time  to  time  round  a  wooden  block,  when  the 
tightness  threatened  breaking,  would  arrest  her 
very  soon  and  easily. 

The  following  are  farther  proofs  tliat  forces  are  to 
be  measured  as  much  by  the  time  or  space 
through  which  they  act,  as  by  their  difierence 
of  intensity  or  momentary  power. 

A  door  standing  open,  and  which  yields  readily 
on  its  hinges  to  the  gentle  push  of  the  finger,  is 
not  moved  by  a  cannon  ball  piercing  through  it. 
Now  the  ball  really  overcomes  here  the  whde 
force  of  cohesion  among  the  atoms  of  strong 
wood :  but  that  force  is  allowed  to  act  or  refli9t 
for  so  short  a  time,  owing  to  the  rapid  passage  of 
the  ball,  that  it  is  insufficient  to  a£fect  the  inertia 
of  the  door  in  a  sufficient  degree  to  move  it.  The 
cohesion  of  the  circle  in  the  door  cut  out  by  the 
ball,  would  have  borne  probably  a  weight  of  a 
hundred  pounds  laid  quietly  upon  it,  but  being 
only  allowed  to  act  (supposing  the  bullet  to  fly 
twelve  hundred  feet  in  a  second  and  the  door  to 
be  one  inch  thick)  for  the  14,400th  part  of  a 
second,  its  influence  is  not  perceived.  Othw 
examples  of  the  same  kind  are  the  following.     '  ^ 

A  leaden  bullet  pressed  slowly  against  a  pane 
of  glass  breaks  it  irregularly,  and  just  where  the 
strength  happens  to  be  least ;  but  the  same  buUet 
shot  at  it  from  a  pistol,  makes  only  a  small  round 
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hole.  It  has  been  amusingly  said  of  such  a  case, 
that  iim  pa!H;icles  stfuck  and  carried  away,  have 
not  time  to  warn  the  others  near  them  of  what  is 
happening. 

A  cannon  ball,  having  very  great  velocity, 
passes  through  a  ship^s  side,  and  hardly  leaves  a 
mark  J  while  one  with  less  speed  splinters  and 
breaks  the  wood  to  a  considerable  distance  around. 
A  near  shot  thus  often  injures  a  ship  less  than  one 
from  a  greater  distance. 

A  sheet  of  pap^r,  standing  edgeways  on  a  table, 
is  not  driven  down  by  firing  a  pistol  ball  through  it. 
'  The  trtith  at  present  under  consideration  also 
(sxplaiins,  with  respect  to  gun-shot  virounds,  why^  a 
man  often  I'emaihs  ignorant  for  a  time  that  he  has 
befen  shot,  and  why  a  rapid  bullet  only  kills  the 
fetiis  which  it  touches,  while  a  spent  ball  may 
bilkise  and  injure  all  around. 

A  circular  plate  of  soft  iron,  made  to  turn  with 
ettn^me'  rapidity,  cuts  through  the  hardest  steel 
fflef,  las'  a  knife  cuts  through  a  carrot. 

A  inan  lying  down  and  receiving  the  blow  of  a 
gP^t  sledge-hamitter  on  his  chest,  would  be  de*. 
^Nyyed  by  it ;  but  if  a  heavy  anvil  be  first  Md  upon 
thef  chest,  and  the  blow  be  then  received  upon 
l^at,  the  taan'  bears  "it  with  impunity^  Here  the 
quantity  <Jf  mofiaon-  in  the  hammer,  being  diffused 
through  the  great  mass  of  the  anvil,  is  reduced  to 
a  triffing  velocity,  and  the  elasticity  of  the  chesty 
in  its  slow  yielding,  easily  overcomes  it. 
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"  There  is  no  motion  or  action  in  Ike   universe, 
without  a  concomitant  and  opposite  reaction." 

It  is  clear  if  no  actiou  or  movement  takes  place, 
but  in  consequence  of  either  attraction  or  re- 
pulsion (and  this  has  now  been  shewn),  that 
there  must  always  be   two  objects  or    masses 
^-■^ ,  concerned,  and  the  one  must  be  attracted  or  re- 
'\peUed  just  as  much  as  the  other,  although  with 
y  a  difference  of  velocity,  of  course,  proportioned 
^     to  the  difference  of  size. 

If  a  man  in  one  boat  pull  at  a  rope  attached  to 
another,  the  two  boats  will  approach.  If  they  be 
of  equal  size  and  load,  they  will  both  move  at  the 
same  rate,  in  whichever  of  the  boats  the  man  may 
be  J  and  if  there  be  a  difference  in  the  sizes,  there 
wUl  be  a  corresponding  difference  in  the  velocities, 
the  smaller  boat  moving  the  fastest. 

A  magnet  and  a  piece  of  iron  attract  each  other 
equally,  whatever  disproportion  there  be  between 
the  masses.  If  either  of  the  two  be  balanced  in  a 
scale,  and  the  other  be  then  brought  within  a  cer- 
tain distance  beneath  it,  the  very  same  weight 
will  be  required  to  prevent  their  approach,  which- 
ever be  in  the  scale.  If  the  two  were  hanging 
near  each  other  as  pendulums,  they  would  ap- 
proach and  meet :  but  the  Uttle  one  would  perform 
a  greater  part  of  the  journey,  just  in  proportion 
to  its  littleness. 

A  man  in  a  boat  pulling  a  rope  attached  to  a 
large  ship,  seems  only  to  move  the  boat :  but  he 
really  moves  the  ship  a  little,  for  a  thousand  men 
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in  s  thousand  boats,  pulling  in  the  same  way  at  the 
same  time,  would  make  the  ship  meet  them  at^J 
least  half  way. 

A  pound  of  lead  and  the  earth  attract  eachi  j 
other  with  the  same  force  ;  but  that  force  makes'  ' 
the  lead  fall  sixteen  feet  in  a  second  toward*' I 
the  earth,  whUe  the  motion  of  the  earth  of  course-  j 
is  as  much  less  than  this,  as  it  is  weightier  than 
one  pound.  It  is  mathematically  true,  that  even  i 
a  feather  falling  lifts  tlie  earth  towards  it. 

A  spring  unbending  between  two  equal  bodies,  , 
throws  them  off  with  equal  velocity ;  if  between  ' 
bodies  of  different  magnitudes,  the  velocity  will  j 
be  greater  in  the  smaller  body,  aud  in  exact  pros.  I 
portion  to  the  smalJness. 

On  firing  a  cannon,  the  gun  recoils  with  as  muchc  ] 
motion  or  momentum  in  it  as  the  ball  has;  but;  j 
the  momentum  being  diffused  through  a  greateTj  \ 
mass,  the  velocity  is  small,  and  easily  checked. 

The  recoU  of  a  light  fowling-piece  will  hurtt 
shoulder,  if  the  piece  be  not  held  close  to  it. 

A  ship  in  chase,    by  firijig  her  bow  guns, 
tards   her  motion  ;  by  firing  from  the  stem  sh) 
quickens  it. 

A  ship  firing  a  broadside  heels  or  inclines  t4vl 
the  other  side. 

A  vessel  of  water  suspended  by  a  cord  hangft.i 
perpendicularly:  but  if  a  hole  be  opened  in  itaj 
side,  so  as  to  allow  the  water  to  spout  out  there  as  a  1 
jet,  the  vessel  will  be  pushed  to  the  other  side  by, 
the  reaction  of  the  jet,  and  will  remain  there 
while  it  flows.  If  the  hole  be  oblique,  the  vessel  ] 
will  turn  round  constantly. 
H   € 
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A  vessel  of  water  placed  upon  a  floatmg  piece 
of  plank,  and  then  allowed  to  throw  out  a  jet,  as 
in  the  last  case,  moves  the  plank  in  the  (^positet^ 
direction. 

A  steam-^boat  may  be  driven  by  making  the  en- 
gine pump  or  squirt  water  from  the  stem,  instead 
of  moving  paddle  wheels. 

A  man  floating  in  a  small  boat,  and  blowing 
strongly  with  bellows  towards  the  stem,  pushes 
himself  onwards  with  the  same  force  with  which 
the  air  issues  from  the  bellows  pipe. 

A  sky  rocket  ascends,  because,  after  it  is^  light* 
ed,  the  lower  part  is  always  producing  a  large 
quantity  of  aeriform  fluid,  and  this  escapingy 
presses  on  the  air  below  it,  but  just  as  strongly  0R 
the  rocket  above,  and  thus  lifts  it.  The  rocket 
may  be  said  to  rise  by  recoil  ft'om  continued  ex- 
plosions of  gunpowder. 

He  was  a  foolish  man  who  thou^t  he  bdd 
found  tiie  means  of  securing  always  a  feir  wind 
for  his  pleasure-boat,  by  erecting  an  immense  bek 
lows  in  the  stem.  The  bellows  and  sails  acted 
against  each  other,  and  there  was  no  motion;* in» 
deed,  in  a  perfect  calm,  there  would  be  la.  little 
backward  motion,  because  the  sail  would  not  catch 
all  the  wind  from  the  bellows.  .        ^ 

'  A  man  using  an  oar,  or  a  steam  engine  turning 
paddle  wheels,  advances  exactiy  witii  the  force 
that  drives  the  water  astern. 

A  swimmer  pressing  the?  water  downwards  and 
backwards  with  his  hands,  is  sent  forwards  and  up« 
wards  with  the  same  force  by  the  reaction  of  the 
water.  :     •>/ 
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And  a  bird  flying,  is  upheld  with  exactly  the 
force  witli  which  it  strikes  the  air  iii  the  opposite 
direction. 

A  man  pushing  against  the  ground  with  a  stick, 
may  be  considered  as  compressing  a  spring  between 
the  earth  and  the  end  of  his  stick,  which  spring  is 
therefore  pushing  up  as  much  as  he  pushes  down  ; 
and  if  the  man  were  standing  and  balanced  in  the 
scale  of  a  weighing  beam,  he  would  find  that  he 
weighed  just  as  much  less  as  he  was  pressing  with 
his  stick. 

Thus  an  invalid,  on  a  spring  plank  or  chair, 
causes  the  body  to  rise  and  fall  tlirough  a  great 
range,  by  trifling  exertion  with  the  hand  on  a  staff 
or  on  a  table,  and  there  is  the  great  advantage  of 
almost  passive  exercise. 

When  a  child  cries,  on  knocking  his  head  against 
a  table  or  a  pane  of  glass,  he  is  often  told,  and 
truly,  that  he  has  given  as  hard  a  blow  as  he  has 
received ;  although,  probably,  in  thinking  of  re- 
bults,  he  blames  the  table  for  his  head  hurt,  and  his 
head  for  the  glass  broken. 

The  difference  of  action,  from  a  fall  of  one  inch 
or  of  many,  is  well  known,  and  the  corresponding 
intenaties  of  reaction  are  discovered  by  a  man 
who,  in  sitting  down,  is  quietly  received  by  a  chair, 
or  who  unexpectedly  reaches  tlie  floor  where  he 
supposed  a  chair  to  he. 

When  a  billiard  ball  strikes  another  of  equal 
size  directly,  it  stops,  and  the  second  ball  proceeds 
witli  the  whole  velocity  which  the  first  had. 

If  a  hilUard  ball  be  }iropelled  against  the  last 
one  oi'  a  row  of  balls  equal  to  itself,  it  comes  to 
H  S 


106  MOTIONS   AND    FORCES. 

rest  as  in  the  former  case,  while  the  farthest  ball 
of  the  row  darts  off  with  its  velocity, — ^the  inter- 
mediate ones  having  each  received  and  transmit- 
ted the  motion  in  a  twinkling,  and  without  appear- 
ing themselves  to  move.    , 

In  every  case  when  two  bodies  strike  against 
each  other,  they  may  be  regarded  as  having  com- 
pressed a  very  small  strong  spring  between  them  j 
for  the  natural  repulsion  of  the  surfaces  is  equiva- 
lent to  such  a  spring.  Owing  to  this,  when  a  bil- 
Hard  ball  strikes  another  larger  than  itself,  it  re- 
bounds, and  not  only  gives  to  that  other  all  the 
motion  which  it  originally  possessed,  but  an  addi- 
tional quantity  of  motion,  from  the  equal  action  in 
both  directions  of  the  repulsion  or  spring  which 
causes  the  recoil.  A  hammer  rebounding  froin 
an  anvil  has  given  a  blow  of  nearly  double  the 
force  which  it  had  itself,  for  the  anvil  both  felt  its 
approach,  and,  equally  with  itself,  felt  the  repulsion 
which  caused  its  return. 

What  motion  the  wind  has  given  to  a  ship,  it 
loses  itself,  that  is,  the  ship  has  reacted  on  the 
moving  air :  as  is  seen  when  one  vessel  is  becalmed 
under  the  lee  of  another. 

Many  more  interesting  facts  might  be  adduced 
as  examples  of  the  equal  action  and  reaction  be- 
tween bodies,  but  these  will  suffice. 

This  second  section  of  the  chapter,  then,  has 
explained  the  nature  of  inertia  in  matter,  and  has 
shewn  that  the  infinitely  varied  phenomena  of 
motion,  which  the  universe  exhibits,  are  only 
attraction  and  repulsion,  acting  on  inertia  under 
diversified  circumstances. — And  such  is  the  sublime 
simplicity  of  the  whole  scheme  of  nature ! 
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CHAPTER  IL 


THE  FUNDAMENTAL  TRUTHS  USED  TO  EXPLAIN  THE 
PECULIARITIES  WHICH  ARISE  OUT  OF  THE  SOLID 
FORM  OF  BODIES  : — ^A  DEPARTMENT  COMMONLY  CALLED 
MECHANICS. 


ANALYSIS    OF   THE  CHAPTER.* 

ForcCi  tohich  moves  part  of  a  solid  bodyy  must  affect  the  'whole  or 
break  off' the  part. 

If  the  force  he  directed  totoards  a  central  point  in  the  massy  it  toill 
affect  the  xvhole  equally/,  tohether  to  move  it,  to  stop  ity  or  simply 
to  support  it.     The  point  is  called  centre  of  gravity,  or 

CENTRE   OF   INERTIA. 

In  solid  bodies  moving  round  an  axis,  as  a  toheel  or  weighing  beam 
doesy  the  various  parts  are  describing  circles  or  performing 
joumeysy  tvhich  are  greater  in  proportion  to  their  respective  dis' 
iances  Jrom  the  centre  of  motion.  Hence  ^forcesy  vshich  differ 
Jrom  each  other  as  to  speedy  may  stiUy  through  a  solid  mediumy 
be  brought  exactly  to  co-operate  or  to  oppose  each  other  for  any 
length  of  time  ;  and  a  sUno  force  toUl  have  the  same  effect  as  a 
quicker  one,  tvhether  to  move  or  to  resisty  provided  that  it  be 
more  intense  in  proportion  as  it  is  shtver.  The  simple  ma- 
chines called  LEVER,  wheel  and  axle,  pulley,  INCLINED 

PLANE,  WEDGE,  SCREW,  SfC  are  so  many  arrangements  of 

solid  mattery  by  lohich  forces  of  different  velocities  and  intensi- 

ties  may  be  connected  or  opposedy  and  balanced. 
By  solid  connecting  parts  also  the  direction  of  any  existing  motion 

or  force  may  be  changedy  as  tvhen  the  straight  motion  of  running 

water  is  converted  into  the  rotatory  motion  of  a  water  wheel. 

Hence  the  endless  variety  ^complicated  machines. 
The  perfection  of  machines  and  of  solid  structures  generallyy 

depends  much  on  diminishing  among  moving  parts  the.   re- 

*  The  reader  should  here  re-peruse  the  general  table  or  sy- 
nopsis at  page  first. 
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sistance  which  arisesjrom  friction,  a7id  on  adjusting  thejbrms 
and  positions  of  all  parts  to  the  nature  and  streiuqth  of  the 
MATERIALS)  and  to  the  strains  which  they  have  to  hear. 

"  SoUd**  is  the  term  applied  to  a  mass  in  which 
tile  mutual  attraction  of  the  atoms  is  so  strongi 
tliat  the  mass  may  be  moved  about  as  one  bddy, 
without  the  relative  positions  of  the  component 
atoms  being  thereby  disturbed- 

**  Force  moving  part  of  a  solid^  mmt  qffect  the  whok 

or  break  off*  the  part.^^ 

This  is  a  necessary  consequence  of  the  descrip^ 
tion  or  definition  of  a  solid  just  given.  And  it 
follows  that  in  all  cases  of  breaking,  the  cohesion 
of  the  atoms  at  the  fractured  part  must  h^\e 
been  less  strong  than  the  weight  of  the  remaining 
mass,  or  its  inertia,  or  the  force  fixing  it  to  itii 
jplace,  or  thaii  soflqie  combination  of  these  par- 
ticulars. 

The  sharp  blow  of  a  hammer  on  an  ivory  ball, 
causes  it  to  dart  off  swiftly,  but  does  it  no  injury, 
because  the  cohesion  among  the  atoms  struck  is 
stronger  than  thjB  inertia  of  the  mass,  even  under 
1^  rapid  change :  but  the  blow  of  a  hammer  on  a 
l^irge  elephant's  tusk,  indents  or  breaks  the  part, 
because  the  inertia  of  the  larger  mass  is  stronger 
than  the  cohesion  of  the  atoms  which  receive  the 
blow- 

A  vessel  of  pottery-ware  may  be  safely  sus* 
pended  by  its  handle  :  proving  that  the  cohesimi 
which  fixes  the  handle  to  it,  is  stronger  than  the 
weight  of  the  vessel  5  but  if  the  attempt  be  made 
to  lift  the  vessel   quickly^   the  handle  may  rise 
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and  leave  the   body  behind ;    because  then  the 
weight   and  ineitia    are  acting  together.      Thus  ' 
servants  attempting  to  lift  too  quickly  the  loaded 
dishes  at  a  dinner  table,  ofiten  break  off  the  part  ' 
by  which  they  take  liold. 

"  Centre  of  Gravity  or  Inertia." 

If  a  unitbrm  beam  or  rod  be  supported  by  itf-  J 
middle,  hke  a  weighing  beam,  the  two  ends  will  J 
just  balance  each  other.  This  is  in  accordance  wlth> ' 
the  general  truth  or  law  of  attraction  alieady  exi-'l 
plained ;  for  as  there  is  just  as  much  matter  oa)  , 
one  side  of  the  support  as  on  the  other,  there  will  j 
also  be  just  as  much  attraction,  and  therefore  no  I 
reason  why  that  on  one  side  aliould  overcome  that  * 
on  the  other,  if  equal  weights  be  afterwards  \ 
attached  to  the  beam,  at  equal  distances  ixQxa  the:( 
centre,  the  balance  will  not  be  tliereby  disturbed^ , , 
and  for  the  same  reason  j  and  the  operation  oSA 
adding  weights  that  counterpoise,  above  and<4 
below,  and  near  and  far  from  the  centre,  may  he^ 
continued,  until  a  bidky  mass  is  biult  up  upoB<1 
the  beam :  yet  the  wliole  will  still  remain  per-r  tl 
tectly  supported  by  the  original  centre.  Now  % 
ill  every  body  ov  mass,  or  system  of  connected  A, 
maases,  in  the  universe,  there  is  a  point  of  tliif  J 
kind  about  which  all  tlie  parts  balance  or  have  I 
equiJibrium,  and  it  is  this  point  which  is  called-^ 
tlie  centre  o'l  gravity  or  inertia.  Although  Intj 
any  mass,  therefore,  every  atom  has  its  separate-^ 
gravity,  and  the  weight  of  the  whole  is  really  « 
ilifiused  through  the  whole,  still  by  supporting  ■i 
this  one  point,   eitlier  from  above  or  below,  the  4 
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whole  mass  is  equally  supported;  by  lifting  it,  the 
whole  is  equally  lifted ;  and  by  stopping  it,  if  in 
straight  motion,  the  whole  is  equally  brought  to 
rest ;  and  when  this  centre  rises  or  falls,  the  whole 
mass  is  really  rising  or  faUing.  Thus  for  many 
purposes  a  body,  however  large,  may  be  considered 
as  compressed  into  or  existing  only  in  this  single 
point,  its  centre  of  inertia. 

This  centre  in  a  mass  of  regular  shape  and  of 
uniform  substance,  as  in  a  ball  or  cube  of  metal,, 
is  easily  found,  because  it  is  the  evident  centre  of 
the  mass ;  but  in  bodies  that  are  irregtdar,  either 
as  to  density  or  form,  it  must  be  found  by  parti- 
cular rules  of  calculation,  hereafter  explained. 

To  say  that  the  centre  of  gravity  will  always  take 

the  lowest  situation  which  the  support  of  the  body 

will  allow,  is  only  to  repeat,  that  bodies  tend  by 

their  gravity  towards  the  centre  of  the  earth.     In 

a  suspended  body,  therefore,   as  the  lowest  situ* 

ation  which  the  centre  of  gravity  can  find  is,  when 

it  is  immediately  tinder  the  point  of  suspensimi, 

all  bodies  hanging  freely  must  have  their  centre 

of  gravity  directly  under  this  point.     A  plummet 

is  an  interesting  example  of  this ;  and  the  truth 

ftimishes  a  very  simple  practical  mode,  in  many 

cases,  of  finding  the  centre  of  gravity  of  irr^ular 
masses. 

Thus  if  a  piece  of  plank  or  of  paste- 
board, as  represented  by  the  figure  a 
e  b  d^  be  suspended  from  the  point  a, 
and  a  plummet  a  ghe  attached  at  the 
same  point,  the  centre  of  gravity  of  the 
board  must  be  somewhere  in  the  direc- 
tion a  bf  and  a  chalk  line  left  on  the 
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board  where  the  cord  touched  it,  must  pass  over 
the  centre  of  gravity.  If  the  board  be  then 
suspended  by  another  point,  as  d,  and  another 
chalk  line  d  ehe  made  from  that  point,  the  place 
c,  where  the  two  lines  cross  or  cut  eacli  other, 
will  mark  tlie  centre  of  gravity ;  and  the  board, 
when  supported  by  a  cord  attached  there,  will 
hang  evenly  balanced. 

The  following  cases  farther  illustrate  the  truth 
that  the  centre  of  gravity  always  seeks  the  lowest 
place.  They  seem  at  first  to  be  exceptions  to  the 
lawj  but  when  more  fully  considered,  are  interest- 
ing proofs  of  it. 

A  wooden  cylinder  or  roller  e  d, 
•""gj?  placed  on  a  slope  or  inclined  plane 

"i  I  a  b,  will  naturally  descend,  because 

V„^2^--^  its  centre  of  gravity  is  thereby  ap- 
proacliing  the  earth ;  but  if  a  heavy 
mass  of  lead  be  introduced  at  one  side,  as  repre- 
sented at  c,  this  must  rise  before  the  roller  can 
descend;  and  the  rise  being  contrary  to  gravity, the 
roller  will  be  arrested.  Indeed,  if  it  were  placed 
on  the  plane  with  tlie  lead  in  the  position  d,  this 
would  fall  down  to  the  position  c,  and  would 
move  the  roller  towards  b:  exhibiting  the  singular 
phenomenon  of  a  body  rolling  up  hill  by  the  action 
of,  its  weight. 

If  a  billiard  baU 
be  placed  upon  the 
small  ends  of  two 
billiard  sticks  or 
cues  a  b  and  c  d, 
which  are  laid  on  a 
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table  vrith  tbeir  points  c  aod  a  in  contdct^  but  widi 
the  larger  ea6&  b  amd  d  so  far  apart  that  the  bail 
may  Ue  between  them,  the  bafl  will  roll  alci^  and 
down  between  them  until  it  reach  the  table  iieaar 
b.  To  a  careless  observer,  it  would  then  have 
tke  appearance  of  rolling  upwards,  because  i£h« 
cues  are  tiiicker  towajrds  the  ends  d  and  b ;  but  it 
would  really  be  descending  in  obedience  to  gravity; 
If  a  (double  cone,  as  represented  at  f^  were  i^b« 
stituted  for  llie  ball,  it  would  still  roll  from  ctf^^i 
and  Jmving  still  more  the  fallacious  appearance  %£ 
rdHing  upwards,  because  its  ends  would  always. bd 
resting  on  the  upper  and  rising  surface  o€  t^ 
enlarging  cues. 

The  board  or  stick  c  d  rest- 
ing on  the  edge  of  the  table 
a  b  would  naturally  fall  if  left 
to  itself,  because  more  than 
half  of  it  is  beyond  the  teble^ 
but  a  weight  e  attached  to  it 
at  b  by  the  cord  e  h,  instead  of  pulling  it  dow3i 
&ster,  shall  fix  or  steady  it,  provided  the  weight 
be  pushed  inward  a  little  by  a  rod  d  e  resting 
against  the  weight  and  against  a  niche  at  d.  It  is 
evident  that  the  stick  c  d^  in  falling,  must  turn 
round  the  edge  of  the  table  b ;  but  in  so  doings 
from  the  arrangement  now  made,  it  must  lift  the 
weight  e  along  the  path  e^/--which  gravity  forbids, 
and  therefiwre  the  stick  and  weight  will  both 
remain  supported  by  the  table. 

•  By  attending  to  the  centre  of  gravity  of  the 
bodies  around  us  on  earth,  we  are  enabled  to  ex- 
pkki  why^  from  gravity,  some  of  them  are  very 
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stable  or  tirmly  fixed,  others  tottering,  others  fat. 
Ung  i  for  if  we  find  that  a  body,  from  its  form  of 
position,  cannot  be  overturned  witliout  its  centre- 
of  gravity  being  lifted,  knowing  now  tliat  thereby, 
the  whole  mass  must  be  lifted  in  the  same  degree, 
we  see  why  a  weak  cause  cannot  effect  it. 

The  rise  of  the  centre  of  gravity,  or  body,  in 
any  such  case,  will  always  be  proportioned  to  the 
breadth  of  tiie  sustaining  base  of  the  body,  com- 
pared with  the  height  of  its  centre  of  gravity  above 
that  base.  This  is  shewn  in  the  annexed  figures, 
in  which  the  two  particulars  of  base  and  height 
are  seen  combined  in  various  proportions,     c  marks 


the  place  of  the  centre  of  gravity  in  tlie  figures, 
and  the  curved  line  beginning  from  it  marks  its 
path  when  the  body  is  overturned.  This  curved 
line  is  a  portion  of  a  circle  drawn  from  the  edge 
or  extremity  of  the  base  as  a  centre,  (6,  in  fig.  A,) 
because  the  body  must  rest  upon  such  extremity 
in  turning,  and  will  make  it  the  centi'c  of  motion. 
The  &rther  inwards,  therefore,  from  this  extre- 
mity that  the  centre  of  gravity  is,  as  marked  by  a 
phimb  line  p,  hanging  from  it  across  the  base,  the 
farther  of  course  is  the  centre  of  gravity  from  the 
top  of  the  circle  which  it  has  to  describe  in  moving, 
and  the  steeper,  consequently,  will  be  its  beginning 
path  ;  and  here,  as  in  rolHng  bodies  up  slopes,  the 


114  1IBCHAKICS« 

Steeper  the  path  of  ascent,  the  grei^ta*  wili  be^Mlt 
force  necessary  to  give  motion* — ^Hie  fine  of  a- 
plummet  from  a  centre  of  gravity  is  called  the  lin^- 
qf^directian  of  the  centre,  or  that  in  which  it  tends' 
naturally  to  descend  to  the  earth. 

In  %.  A,  which  has  broad  base  and  little  height 
of  the  centre  of  gravity,  it  is  seen  that  this  must 
rise  almost  perpendicularly  before  it  can  fall  over^ 
and  the  resistance  to  displacement  is.  therefore 
nearly  equal  to  the  whole  weight  of  the  body.^ 
Hence  the  firmness  of  a  pyramid. 

In  figures  B,  C,  and  D,  the  commencing  patli^ 
of  the  centre  becomes  gradually  less  perpendicu* 
lar,  and  the  bodies  are  so  much  the  less  stable. 
B  may  represent  an  ordinary  house,  C  a  tall  nar- 
row house,  and  D  a  lofly  chimney. 

Fig.  E  shews  a  tottering  position,  for  the  centre 
of  gravity  is  directly  over  the  base,  and  the  base 
being  only  a  point,  the  least  inclination  places  the 
centre  of  gravity  on  a  descending  slope,  and  the 
body  must  fall. 


In  F  the  position  is  tottering  on  one  side,  and 
stable  on  the  other.  This  explains  how  the  least 
inclination  of  a  standing  body  virtually  narrows  its 
sustaining  base. 

In  G,  which  represents  a  ball  upon  a  level  plane, 
the  whole  mass  is  supported  on  a  single  point  as 
comjJetely  as  in  E,  and  of  course  the  centre,  of 
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gravity  is  directly  over  tliat  point ;  but  although 
the  body  be  moved,  the  centre  will  always  be  ovm>  J 
the  point  of  support  or  base,   and  wil]  describe]  J 
the  straight  level  line  a  b,  and  has  therefore  no>fl 
tendency  naturally  to  move  or  fall.  I 

In  H  the  ball  is  on  an  Inclined  plane,  and  rolls  I 
down  the  centre  of  gravity,  describing  the  obliquni 
tine  a  b.  .  I 

lil  I,  which  is  an  oval  body  on  a  level  planetol 
when  moved,  the  centre  of  gravity  describes  the^  I 
curve  seen  in  the  figure,  Uke  that  of  a  pendulum^  1 
Hence  an  oval  body  on  a  level,  rocks  or  vibrates 
like  a  pendulum. 

K  is  a  true  pendulum  whose  centre  of  gravity 
describes  the  curve  shewn  ;  this  was  explained  in 
in  the  iirst  chapter,  at  page  84-. 

The  importance  of  tlie  subject  of  the  centre  of 
gravity  will  be  judged  of  by  the  facts  from  na- 
tiu-e  and  art  which  are  now  to  be  reviewed. 

A  cart-load  of  metal  or  stone  may  go  safely 
along  a  road  inclining  to  one  side,  where  the  same 
cart  loaded  with  wool  or  hay  would  be  overturned, 
because  the  sustaining  base  being  the  same  in  the 
two  cases,  the  line  of  gravity  falls 
much  within  it  from  the  low  centre 
of  gravity  of  the  metal  at  c,  while 
from  the  centre  of  gravity  of  the 
■  woo],  at  a,  it  comes  very  near  the 
wheel  at  p,  or  altogether  on  the  out- 
side, and  in  the  latter  case  gives  a 
falling  path. 

For  this  reason  it  is  that  lofty  stage  coaches  or 
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vans  are  so  dang^ous,  and  particularly  when 
heavy  luggage  is  placed  upon  the  top«  ho£ty  gigB 
and  curricles,  through  which  so  many  accidentB 
happen^  may  also  serve,  as  instances* 

In  any  of  these  cases,  a  slight  imperfection  in 
the  smoothness  and  level  of  the  road^  or  even  a 
slight  bend  of  the  road  in  quick  driving,  suffices 
to  produce  the  catastrophe. 

The  safety  coaches  of  late  time  are  made  with 
the  wheels  farther  apart  to  give  broad,  base,  and 
with  the  luggage  receptacles  chiefly  low  dawnj 
while  the  outside  passengers  have  seats  before  axtd 
behind,  and  not  on  the  top  as  formerly^  ' 

The  feet  of  a  tripod  are  expanded  below  to 
give  a  broad  base.  This  is  also  seen,  in  our  coxn>- 
mon  chair ;  but  still  a  thoughtlessxhild  often  leans 
so  far  over  the  back  of  a  chair,  that  he  causes  th^ 
line  of  the  general  centre  of  gravity  to  fall  beyond 
the  base,  and  the  chair  with  its  load  is  overturned. 
The  small  lofty  chairs  made  to  raise  children  to 
the  parents*  elbow  at  the^nner  table,,  are  very 
dangerous  if  tile  feet  are  not  made  to  spread  much. 
The  pillar-and-claw  tables,  the  candlesticks,-  iJie 
table  lamps,  and  many  other  articles  of  household 
fiimiture,  have  stability  given  by  enlargement  of 
the  base. 

The  least  inclination  of  a  standing  body  virtually 
narrows  the  supporting  base,  which  is  to  be  cal- 
culated only  from  the  line  of  th^  centre  of  gra- 
vity to  the  corner  on  which  the  body  would  turn 
in  falling,  as  seen  at  fig,  F ;  hence 

The  extreme  importance  of  building  the  thin 
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walls  and  tall  chimneys  of  modern  houses  perfectly 
upright     And  hence  the  extreme  importance  an4  J 
utility  of  that  simple  implement  the  plummet  of 
plumb  line,  which  is  a  visible  indication,  when  apf.  _  J 
plied  to  a  body,  of  the  line  of  its  centie  of  gravity. ' 
Hie  mason  and  many  other  workmen  cannot  pro-  ' 
ceed  a  step  without  their  guiding  plummet. 

The  brick  walls  of  modern  houses  are  so  thinj ' ' 
that,  to  have  some  standing  strength,  they  mustrj 
rest  against  and  depend  upon  each  other ;  but  they." 
Occasionally  exhibit  the  same  kind  of  stabilit^' ' 
as  a  child's  house  built  of  cards.  As  contrasteft  ] 
widi  the  masses  of  masonry  which  remain  ti  j 
us  from  antiquity,  with  the  firm-spreading  bas^-i 
ments  which  the  philosophy  of  the  subject  requires,^ 
they  exhibit  that  which  is  tndy  ephemeral,  iii'J 
opposition  to  what  has  partaken  of  the  perma-'l 
newcy  of  nature's  own  works,  and  has  coverett'i 
regions  with  mighty  ruins.  What  magnificeirt  J 
illustrations  of  strength  and  durability,  arisingfi 
proportion,  are  the  ancient  pyramids  and  temple! 
which  still  give  such  interest  to  the  banks  of  til 
Vile,  and  to  the  valleys  and  plains  of  Asia. 

There  are  many  remarkable  structures  on  eart 
which  lean  or  incline  a  little :  but,  whUe  the  line  of 
the  centre  of  gravity  remains  within  the  base,  and 
the  parts  of  the  mass  have  tenacity  among  them- 
selves sufficient  to  hold  together,  the  structure  will 
stand.  The  famous  tower  of  Pisa  was  built  inten- 
tionally inclining,  to  frighten  and  surprise  :— 
with  3  height  of  one  hundred  and  thirty  feet,  it 
overhangs  its  base  sixteen  feet,  and  has  nearly  the 
air  of  fig.  F,  in  page  1 1*. 
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The  tall  monument  near  London  Bridge  in* 
clines  so  much,  that  in  high  winds  from  a  particu* 
lar  quarter,  timid  minds  begin  to  doubt  of  its 
stability. 

And  many  of  the  most  lofty  and  beautiful  of 
our  cathedral  spires  or  towers,  as  that  of  Salisbury, 
&c.,  have  lost  something  of  their  perpendicu* 
larity. 

An  oval  body  on  a  flat  level  surface,  as  already 
explained  by  fig.  I,  page  114,  vibrates  just  like  a 
pendulum,  because  when  disturbed  ftom  its  middle 
position^  its  centre  of  gravity  has  risen  and  seeks 
to  return. 

The  rocking-horse  of  children  stnd  the  com- 
mon cradle  are  exemplifications  of  this. 

But  perhaps  the  most  curious  instances  of  the 
kind  are  those  rocks  called  Loggan  or  Lag^m 
stones,  of  which  there  are  several  among  the 
picturesque  barriers  of  the  British  coast  An 
immense  mass^  detached  in  some  convulsion  of 
nature,  is  found  with  a  very  slightly  rounded  base 
resting  on  a  flat  surface ;  and  is  so  nearly  ba- 
lanced that  the  force  of  one  individual  suffices 
to  rock  it.  Some  of  these  have  been  objects  of 
much  superstitious  veneration  in  their  neighbour- 
hood. 

There  is  an  amusing  Chinese  toy,  made  in  obe- 
dience to  the  same  principle.  It  has  the  appear- 
ance of  a  little  fat  laughing  man,  sitting  with  his 
feet  concealed  under  him ;  but  instead  of  feet,  the 
bottom  of  the  figure  is  a  rounded  smooth  surface, 
with  heavy  lead  ballast  placed  so  low  in  it,  as^ 
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always  wtien  allowed,  to  raise  the  body  to  the  up- 
right or  sitting  attitude.  A  child  pushes  the  littld 
figure  down  again  and  again,  and  is  surprised  to 
see  it  always  up  the  moment  after,  shaking  about 
and  as  lively  as  ever. 

The  vibratory  motion  of  a  pendulum,  depending  I 
upon  the  centre  of  gravity  ha\'ing  been    moved 
from    its  lowest  place  which  it  again  constantly  J 
seeks,  was  so  fully  considered  in  the  last  chapter, 
that  it  need  not  be  again  dwelt  upon  here.     Other  i 
phenomena  of  the  same  class  are : — 
Tlie  vibrations  of  a  common  swing. 
The  rocking  of  a  balloon  when  it  first  ascends*  I 
The  spontaneous  shutting  of  a  gate  or  door  | 
which  has  been  so  suspended  on  its  hinges  as  to  I 
hang  a  little  forwards  or  downwards  when  In  its 
shut  position.     Hence  it  always  returns  to  this 
of  itself,  from  either  side,  just  as  a  pendulum  re- 
turns to  the  lowest  part  of  its  arc. 

The  rocking  or  rolling  of  a  ship  at  anchor,  or 
when  sailing  in  particular  states  of  the  wind  and 
sea.     When  the  centre  of  gravity  of  a  ship  is  too 
low,  owing  to  all  the  heavy  load  being  placed  near 
the  keel,  this  pendulum  motion,  in  rough  weather, 
becomes  excessive  and  dangerous. 
The  observations  now   made   with  respect  to  the 
centre  of  gravity,  are  beautifully  illustrated  by 
the  actions  and  postures  of  animals,  and  particu- 
larly by  those  of  man. 

A  body,  we  have  seen,  is  tottering  in  proportion 

as  it  lias  great  altitude  and  narrow  base — but  it 

is  the  noble  prerogative  and  distinction  of  mail  to 
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be  able  to  sApport  his  towering  figure  ofi  a  vei^ 
nartow  base  with  great  firtoness.  This  faculty 
is  acquired  sjowly  becausie  of  the  difficulty.  A 
child  does  well  who  walks  at  the  end  of  teU  jQF 
twelve  months ;  while  the  young  of  quadruitedfk 
which  have  a  broad  support,  learn  to  stand  and 
move  almost  at  once. 

The  supporting  base  of  a  man  consists  of  thie 
feet  and  the  space  between  them.  The  advantage 
of  turning  out  the  toes,  is  that,  without  takinjyj^ 
much  from  the  length  of  the  base,  it  adds  a  good 
deal  to  the  breadth  of  it. 

If  there  be  art  in  walking  on  two  perfect  feet^ 
there  must  be  still  greater  art  in  walking  on  twa 
wooden  legs  with  narrow  round  extremities.  This 
we  see  done,  nevertheless,  by  many  mutilateii 
soldiers  and  sailors. 

The  ladies  of  the  empire  of  China  have  to 
acquire  nearly  the  same  talent  as  these  victims  of 
war ;  fi3r  barbarous  custom  has  crippled  them  all, 
by  confining  their  feet  for  life  in  the  shoes  which 
fitted  them  in  infancy. 

But  surpassing  in  difficulty  any  of  these  in- 
stances is  the  practice  of  walking  on  stilts,  which 
is  general  among  the  inhabitants  of  the  sandy 
plains  in  the  south-west  of  France,  called  Les 
Landes.  These  plains  affi^rd  tolerable  pasturage 
for  sheep  :  but  during  one  season  of  the  year 
they  are  half  covered  with  water,  and  during  the 
other  it  is  most  fatiguing  to  walk  upon  them, 
by  reason  of  their  deep  loose  sand  and  thick 
furze.  The  natives  lessen  the  annoyance  firom 
all  Uiese  causes  by  lengthening  their  natural  l^fs 
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about  five  feet,  through  the  addition  of  the  stilts 
mentioned,  which  they  call  rfw  ecfiasses.  These 
are  wooden  poles  attached  to  the  legs,  and  put 
on  and  off  as  regularly  as  the  other  parts  of 
the  dresa.  Raised  upon  them,  the  people  ap- 
pear to  strangers  a  new  and  extraordinary  race  of 
long-legged  beings :  tliey  march  over  the  loose 
sand  or  through  the  water  without  inconvenience, 
with  steps  of  eight  or  ten  feet  in  length ;  their 
walking  speed  is  that  of  a  trotting  horse,  and  tliey 
easily  perform  a  journey  of  thirty  or  forty  miles 
in  a  day.  The  shepherds,  while  watching  their 
charge,  post  themselves  in  convenient  stations, 
and  with  a  long  staff  supporting  them  behind,  and 
their  rough  sheep-skin  cloak  and  cap  covering 
them  above  like  a  thatched  roof,  tliey  have  the 
appearance  of  little  watch-towers,  or  singular  lofty 
tripods  scattered  over  the  face  of  the  country. 

Still  beyond  the  art  of  walking  on  stilts,  Iiow- 
evcr,  is  tiie  art  which  many  attain  of  walking  or 
of  dancing  on  a  single  rope  or  wire ;  or  even  of 
keeping  the  centre  of  gravity  above  the  base, 
whUe  standing  on  the  moveable  support  of  a  gal- 
loping horse's  back.  The  rope-dancer  usually 
carries  a  long  pole  in  his  hand,  to  balance  him  ;  it 
is  loaded  at  each  end,  and,  when  he  inclines  at  all, 
he  throws  it  a  little  towards  the  side  requued, 
that  the  reaction  may  replace  his  body  where  it 
should  be. 

Much  art  of  this  sort  is  alsoshewn  in  the  attitudes 
and  evolutions  of  the  skaiter,  in  the  amusements  of 
supporting  a  stick  upright  on  the  end  of  the  finger, 
and  in  many  other  feats  of  like  kind. 
I  3 
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Attitudes  generally  depend  on  the  necessity  of 
keeping  the  centre  of  gravity  directly  over  the 
base.  The  following  are  examples; — the  straight 
or  upright  port  of  a  man  who  carries  a  load  on  his 
head; — the  leaning  forward  of  one  who  carries  it 
on  Ids  back  ; — the  hanging  backwards  of  one  who 
bears  it  between  his  arms  ; — a  man  leaning  to  one 
side,  to  balance  any  weight  which  he  may  be  car- 
rying on  the  other  ; — the  habitual  carriage  of  very 
fat  people,  with  the  head  and  shoulders  thrown 
back,  so  as  to  give  a  certain  air  of  self-satisfaction  : 
the  same  air  belongs  to  the  state  of  pregnancy, 
and  even  to  that  of  the  dropsical  patient,  tliougli 
producing  in  it  so  sad  an  incongruity. 

When  a  man  walks  or  runs,  he  inclines  forward, 
so  that  the  centre  of  gravity  may  overhang  the 
base  in  that  direction.  He  must  then  be  constant- 
ly moving  his  feet  forward  to  prevent  his  falhng  j 
and  he  makes  the  centre  project  just  enough  to 
produce  the  velocity  which  he  desires. 

A  man  or  inferior  animal,  in  pulling  horizon- 
tally at  a  load,  is  merely  causing  the  body  to 
overhang  its  base,  so  that  its  tendency  to  fall  may 
become  a  force  or  power  applicable  to  the  work. 

When  a  man  rises  from  a  chair,  he  is  seen  fii-at 
to  bend  the  body  forward,  so  as  to  bring  the  centre 
of  gravity  over  the  feet  or  base,  and  then  he  lifts 
it  up.  If  he  lift  too  soon,  that  is,  before  the  body 
be  sufficiently  advanced,  he  falls  back  again. 

A  man  standing  with  his  heels  close  to  a  per- 
pendicular  wall,  cannot  bend  forward  to  pick  up  ' 
any  thing  that  lies  on  the  ground  near  him,  with-  ■ 
out   himself  falling    forward,    because    tlie   wall 
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prevents  him  from  throwing  part  of  his  body 
backward,  to  counterbalance  the  head  and  arms 
that  must  project  forward.  A  man  httle  versed 
in  such  matters,  offered  ten  guineas  for  permission 
to  try,  under  these  circumstances,  to  possess  him- 
self of  a  purse  of  twenty,  laid  before  him :  he  of 
course  lost  his  money. 

When  a  man  walks,  the  centre  of  gravity  must 
come  alternately  over  the  right  and  over  the  left 
foot.  This  is  the  reason  why  tho  body  advances 
in  a  waving  instead  of  a  straight  line,  and  why 
persons  walking  arm  in  arm  shake  each  other, 
unless  they  make  their  right  and  left  feet  advance 
together,  as  soldiers  do  in  their  march. 

Sea  sickness  is  a  subject  closely  related  to  the 
present.  Man  requiring,  as  now  explained,  so 
strictly  to  maintain  his  perpendicularity,  that  is, 
to  keep  the  centre  of  gravity  always  over  the 
support  of  his  body,  ascertains  the  required  po- 
sition  in  various  ways,  but  chiefly  by  the  perpen- 
dicularity or  known  position  of  things  about  him. 
Vertigo,  and  sickness  commonlycalled  sea  sickness, 
because  it  most  frequently  occurs  at  sea,  are  the 
consequences  of  depriving  him  of  his  standards 
of  comparison,  or  of  disturbing  them. 

Hence  on  shipboard,  where  the  lines  of  the 
masts,  windows,  furniture,  &c.  are  constantly 
changing,  sickness,  vertigo,  and  other  affections 
of  tlie  same  class  are  common  to  persons  unac- 
customed to  ships.  Many  experience  similar  effects 
in  carriages,  and  in  swings,  or  on  looking  from  a 
iofty  precipice,  where  known  objects  being  dis- 
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tant,  and  viewed  under  a  new  aspect,  are  not  Mi~ 
readily  recognized :  also  in  walking  on  a  walJ  er 
roof)  in  looking  directly  up  to  a  roof,  or  to  the 
stars  in  the  zenith,  because  then  all  stanc^ds 
disappear :  on  walking  into  a  round  room,  where 
there  are  no  perpendicular  lines  of  light  and  shadfe, 
as  when  the  walls  and  roof  arle  covered  with'  ft 
spotted  paper  without  regular  arrangement'  of 
spot : — on  turning  round,  as  in  waltzing,  Or  oil'  a; 
wheel ;  because  the  eye  is  not  then  allowed '  to 
rest  on  the  standards,  &c.  * 

At  night,  or  by  bhnd  people,  standards  be:. 
longing  to  the  sense  of  touch  are  used ;  and  it'  fe 
because  on  board  ship,  the  standards  both  of  sight 
and  of  touch  are  lost,  that  the  effect  is-  so  very 
remarkable. 

But  sea  sickness  also  partly  depends  on  the  irre- 
gular pressure  of  the  bowels  against  the  dia^ 
phragm,  as  their  inertia  or  weight  varies  with  the 
rising  and  falling  of  the  ship. 

From  the  natur%  of  sea  sickness,  as  discovered 
in  all  these  facts,  it  is  seen  why  persons  unaccus- 
tomed to  the  motion  of  a  ship,  often  find  relief  in 
keeping  their  eyes  directed  to  the  fixed  shore^ 
where  it  is  visible ;  or  in  lying  down  on  their  backs 
and  shutting  their  eyes ;  or  in  taking  such  a  dose  of 
exhilarating  drink  as  shall  diminish  their  sensibility 
to  all  objects  of  external  sense. 

No  condition  or  form  of  matter  escapes  from 
the  great  laws  of  nature ;  therefore  we  find  the 
attitudes  and  situations  of  vegetable  as  well  as 
animal  bodies  characterized  by  the  necessity  oi 
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having  the  centre  of  gravity  supported  over  the 
base.  I  I 

With  what  admiration  do  we  contemplate  the  J 
pine  and  other  trees  in  the  forests  of  nature,  spring!  J 
ing  up  to  heaven  as  perpendicular  as  if  the  plunHi 
met  had  been  at  work  to  direct  them ;  and  this  on 
the  brows  of  precipitous  hills  as  well  as  in  the 
level  plains.  On  a  smaller  scale,  we  see  the  grasses 
and   corn-stalks  of  our  cultivated  fields  rising  in 
a  similar   manner.     And  whenever,    in    tree    or 
shrub,  accident  or  peculiarity  has  caused   devi- 
ation from  this  law,  additional  strengtii  and  sup- 
port are  provided  in  the  parts  and  directions  where 
required. 

Beauty  qfj'orm  and  position  are  often  found  to  be 
the  results  of  bodies  having  the  shape  and  support 
required,  that  the  centre  of  gravity  may  be  stable. 

In  architecture,  how  displeasing  is  a  wall  or  pil- 
lar that  is  not  quite  upright ;  or  a  column  with  too 
small  a  base ;  or  a  very  tail  narrow  house ;  or  a  long 
slender  chimney,  although  supported  by  iron  stays. 
On  the  other  hand,  how  beautiful  in  a  lofty  edifice 
Is  the  succession  of  columns  from  the  massive 
ones  which,  in  the  basement,  support  the  whole 
superstructure,  to  the  light  Corinthian  or  kindred 
form  which  is  seen  above.  The  Cliinese  pagoda 
is  a  fine  example  of  the  union  of  the  requisites  for 
stability,  viz.  perpendicularity  and  wider  base, 
with  the  other  qualities  of  perfect  synnneti'y,  pro- 
portion, and  fanciful  ornament.  When  seen  crown- 
ing a  rising  ground  in  a  wooded  island,  or  spring- 
ing up  from  the  centre  of  a  rich  garden,  it  is, 
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perhaps,  one  of  the  most  beautiful  objects  Which 
fancy  has  contrived. 

Beauty  qf  attitude  and  grace  qf  carriage  in  ihe 
human  individual,  are  altogether  referable  to  this 
principle. 

Tlie  postures  in  opera  dances  might  pass  as  in^ 
tentional  illustrations  of  the  number  of  ways  in 
which  the  centre  of  gravity  may  be  kept  above 
a  narrow  base,  by  counteracting  one  disturbing 
motion  or  extension  of  a  limb  by  some  opposite, 
and  corresponding  motion.  And  the  common 
statue  of  the  god  Mercury  on  tiptoe  is  a  per- 
manent familiar  illustration. 

Grace  of  carriage  requires  not  only  a  perfect 
freedom  of  motion,  but  also  a  firmness  of  step,  or 
constant  steady  bearing  of  the  centre  of  gravity 
over  the  base.  It  is  usually  possessed  by  those 
who  live  in  the  country,  and  according  to  nature; 
as  it  is  called,  and  who  take  much  and  varied 
exercise.  What  a  contrast  is  there  between  the 
gait  of  the  active  mountaineer,  rejoicing  in  the 
consciousness  of  perfect  natiu*e ;  and  of  the  me- 
chanic or  shopkeeper,  whose  life  is  spent  in  the 
cell  of  his  trade,  and  whose  body  soon  receives 
a  shape  and  air  that  correspond  to  this ! — and  in  the 
softer  sex,  what  a  contrast,  is  there,  between  her 
who  recalls  to  us  the  fabled  Diana  of  old,  and 
that  other,  who  has  scarcely  trodden  but  on  smootJi 
pavements  or  carpets,  and  who,  under  any  new  cir- 
cumstances, carries  her  person  as  awkwardly  as 
something  to  the  management  of  which  she  is  not 
accustomed. 
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The  centre  qfgravitt/  is  also  the  centre  of  inertia. 

If  a  person  lifls  a  uniform  rod  by  its  middle, 
he  overcomes  the  inertia  of  both  ends  equally, 
and  they  rise  evenly  together.  If  he  lift  by  a 
part  nearer  to  one  end,  the  larger  and  heavier  end 
will  rise  the  last,  and  there  will  be  a  turning  motion 
of  the  rod  round  the  finger  as  a  centre. 

The  centre  of  gravity  or  inertia  need  not  he  the 
centre  of  the  matter  or  mass,  however ;  for  il"  a 
j^  weight  of  ten  pounds,  a,  were 
affixed  to  one  end  of  a  rod,  and 
a  weight  of  only  one  pound,  b,  at  the  other,  they 
would  still  be  balanced,  if  supported  or  moved  by  a 
point,  c,  ten  times  nearer  to  the  centre  of  the  large 
weight,  than  to  that  of  the  small  one.  This  fact  is 
explained  under  the  lever,  in  the  next  chapter.  In 
describing  such  experiments,  the  weight  of  tfie 
connecting  rod  itself  is  neglected  for  tlie  sake  oi' 
simplicity. 

The  centre  of  gravity  or  inertia  is  also  the  centre 
(if  centrifugal  force :  for  if  the  balls  a  and  b  of  the 
above  figure  were  made  to  spin  round  a  common 
centre,  as  by  making  the  connecting  rod  rest  and 
turn  upon  a  point  or  pivot  at  c,  the  point  c  must 
be  the  centre  of  inertia  of  the  two,  or  the  pivot 
would  be  always  pulled  towards  the  end  of  the 
rod  at  which  there  were  the  greatest  centrifugal 
force.  It  is  on  this  account  that  a  millstone,  or 
great  fly-wheel,  or  the  bdance-wheel  of  a  watch, 
must  always  have  its  axis  passing  through  the  cen- 
tre of  inertia,  for,  if  not,  the  axis  wUl  soon  be 
much  worn  on  one  side. 
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When  we  say,  In  astronomy,  that  the  earth  re- 
volves round  the  sun,  or  the  moon  round  the  earth, 
we  do  not  speak  with  absolute  correctness ;  lofih 
all  such  cases  both  bodies  are  revolving  round  ^e 
common  centre  of  inertia  of  the  two.  In  ffatt 
case  of  the  sun  and  earth,  as  the  formet*  is  ainlikst 
a  million  times  larger  than  the  latter,  the  centre  b£ 
inertia;  being  just  so  much  nearer  to  it,  is  reitty  far 
within  its  body,  although  not  in  the  exact  middle 

The  centre  of  inertia  in  a  moving  body  is  often 
called  the  centre  of  action  or  percussiony  because 
if  it  come  against  an  obstacle,  it  impels  with  tii6 
whole  momentum  of  the  body ;  but  if  any  othisit 
part  than  the  centre  hit,  the  body  loses  ovl^  ^ 
part  of  its  motion,  and  begins  to  turn  round  tfe6 
obstacle  as  a  centre  of  motion,  the  momentum  irf 
the  larger  part  overcoming  that  of  the  smaller;'    * 

If  a  man  use  a  bar  or  rod  of  iron  as  a  hammer, 
he  must  take  care  to  let  it  strike  the  object  ly^itt 
centre  of  action,  or  his  own  hand  will  re6eive  a 
part  of  the  shock.  This  from  a  very  heavy  txiaas 
might  even  be  dangerous. 

In  a  common  hammer,  as  the  chief  part  of  the 
matter  is  at  the  end,  and  the  handle  is  light,  116 

■ 

precaution  of  this  kind  is  necessary.  The  centtt 
o£  percussion  is  in  the  heavy  end  of  the  hamme¥. 
In  the  bar  of  iron  now  described,  and  in  a  peh- 
dulum,  because  the  velocity  of  the  different  parfe 
varies,  and  near  the  far  extremity  is  greatest, 
the  centre  of  all  the  motion  and  inertia  is  nearer 
to  the  fast  moving  end  than  to  the  other.  Its 
exact  place  is  easily  ascertained  by  calculation,    fh 
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a  uniibrmrod,  suspended  as  a  pendulum,  tliis  cen- 
tre is  at  the  distance  of  one-third  from  the  lower 
end.     It  is  called  the  centre  of  oscillation. 

If  a  rod  or  small  log  of  wood  were  floating 
on  water,  in  a  diiectioo  east  and  west,  and  if  a 
southward  blow  were  given  to  one  end  of  it,  the 
other  end  would  be  found,  in  the  first  Instant,  to 
have  moved  a  little  northward,  as  if  the  body  had 
been  fixed  upon  an  axis.  The  inertia  of  the  mass 
which  resists  the  motion,  really  becomes  as  an  axis 
and  fixes  it.  This  trutli  is  amusingly  Ulustrated 
by  laying  the  ends  of  a  long  stick  on  two  wine 
glasses,  and  then  breaking  the  stick  by  a  smart 
,  downward  blow  of  a 


ti>  i>      Instead    of    breaking 

the  glasses  also  by  such  a  blow,  the  ends  of 
the  stick  rise  at  the  instant  of  the  stroke,  to  turn 
round  a  certain  ce?itre  iif'  resistance  in  eacli  of  the 
fragments,  and  then  fall  harmless  on  the  table. 

In    this  section  we  have  seen  what  admirable 
simplicity  is  given  to  our  reasonings  and  opera^ 
tions,    by    considering   bodies  in  many  cases  ia  i 
reference  only  to  their  centre  of  gravity,  or  theif  J 
centre  of  action. 

"  In  a  solid  body  moving  round  an  axis,  as  a  'w/ieef 
or  weighing-beam  does,  the  parts  Jiave  d'^erenl\ 
velocities,  according  to  tlieir  respective  distances'^ 
from  the  axis  or  centre" 

In  a  soHd  body  in  motion,  although  die  aton^J 
or  parts  must  move  in  connexion,  still  some  ( 
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them  may  be  moving  over  a  great  spaoe^  ivliSe 
otibers  are  nearly  at  rest ; — ^the  rim  of  a  wheel,  for 
instance,  or  the  ends  of  a  weighing  beam,  collie* 
pared  with  the  parts  near  the  centres.  In  any 
body  tumii^  on  a  fixed  axis  or  centre,  as  now 
supposed,  the  spaces  through  which  the  different 
parts  move  are  exactly  proportional  to  their  n^ 
spective  distances  from  the  centre.     Suj^Kise  a  d 

to  represent  the  spokes  of  a 
wheel,  or  a  weighing  beatti^ 
with  the  centre  at  r,  the  outer 
circular  line  which  the  end  at 
a  describes  when  moving,  is 
longer  than  the  inner  line, 
which  the  part  at  b  describes,  in  the  same  proportion 
as  a  is  farther  from  the  centre  than  6,  or,  in  other 
words,  as  the  diameter  or  radius  of  the  circle  a  is 
greater  than  that  of  the  circle  b :  this  admits  of  easy 
mathematical  demonstration.  And  what  is  true 
of  the  whole  circles,  is  true  of  any  corresponding 
parts,  and,  therefore,  whether  the  body  turn  quite 
round  as  a  wheel,  or  only  partially  as  a  weighing 
beam,  the  rule  of  velocity  equally  holds :  aeisto 
bf  as  ti  c  is  to  6  c. 

"  Thus  forces  with  different  speed  may  still  be  placed 
in  continued  connexion  or  opposition^  and  will  be 
equivalent  if  the  one  be  as  much  more  intense  than 
the  other  as  it  is  slower!^    {Read  the  analysis^. 

This  is  the  important  truth  upon  which  the 
whole  of  mechanics  may  be  said  chiefly  to  hinge. 
It  gives  to  man  the  simple  machines  or  mechanical 
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powers,  as  they  have  been  called — tliose  contri- 
vances which  enable  him  to  adapt  any  species 
and  speed  of  power  which  he  can  command,  to 
almost  any  purpose  which  is  to  be  accoraphshed. 
We  cannot  imagine  why,  to  overcome  a  given 
resistance,  a  greater  quantity  of  force  should  be 
required  at  one  time  than  at  another ;  and  ac- 
cordingly we  find  that  to  move  or  turn  a  resisting 
wheel  or  beam,  through  a  certain  space,  the  cer- 
tain quantity  of  force  required  may  be  in  the  form 
of  a  more  condensed  or  intense  force  to  impel  a 
slow  moving  part,  or  of  a  longer  and  more  slender 
force  to  acton  a  part  that  moves  through  a  greater 
space ;  but  the  same  absolute  quantity  is  required 
in  both  cases.  Ten  feet  of  the  action  of  a 
heavy  ox,  near  the  centre  of  a  great  wheel,  will 
be  equivalent  to  twenty  feet  of  the  action  of  a 
small  horse  at  double  distance  from  the  centre. 
The  piston  of  a  steam-engine,  in  rising  six  feet, 
with  great  force,  may  be  made  by  intervening 
machinery  to  do  the  same  work  as  one  horse  would 
do  by  drawing  six  hundred  feet,  or  as  one  hun- 
dred horses  by  drawing  six  feet. 

I  ^  Suppose  a  weigh- 

^  I  /      jO        a      ing  beam  x  y,   with 

a  weight  of  one 
pound  hanging  at 
theend.r.-ifaspring 
with  the  force  of  one  pound,  and  issuing  uniformly 
from  the  fixed  box  atE,  be  made  to  push  at  the 
other  end  of  the  beam  ^,  it  will  just  balance  the 
weight;  and  if  it  be  in  the  slightest  degree  stronger 
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than  the  weight,  it  will  push  the  end  of  the  beamjf 
down  to  B,  and  will  raise  the  wei^t  to  F.  I^  io- 
3tead  of  the  single  spring  of  one  pound  at  the  end 
of  the  beam  B,  two  such  springs  be  applied  at  h^ 
way  to  the  centre  A,  where  there  is,  consequent- 
ly. Just  half  as  much  motion,  or  room  to  act  in, 
exactly  the  same  effect  will  follow.  Now*  one 
spring  at  the  end  of  the  beam  is  seen  here  doing 
tl>e  same  work  as  two  such  springs,  or  a  aioigl^ 
spring  of  double  strength,  placed  in  the  situation 
D  A :  and  it  would  therefore  appear  that  t^ere 
were  a  loss  of  power  in  one  case,  and  a  saving  in  tk^ 
other ;  but  let  it  be  remembered,  that  tixe  two  mid- 
dle springs  have  each  issued  by  their  action  only 
one  inch,  while  the  single  spring  at  tiie  end  haos 
issued  two  inches;  and  in  both  cases,  therefore, 
there  is  exactly  two  inches  of  pound  spring  usedi. 
This  shews,  that  to  overcome  the  same  resistance, 
the  same  quantity  of  force  must  be  used,  at  whiut* 
ever  part  of  the  moving  solid  it  be  applied  j  only, 
where  a  short  force  is  used,  it  must  be  so  much  the 
more  intense,  and  where  a  longer  one  is  used,  dt 
must  be  so  much  the  less  intense,  to  answer  the 
same  purpose. 

Pound  weights  might  be  used  instead  of  the 
springs  in  the  last  experiment,  and  with  exactly 
the  same  result,  and  one  pound  at  the  end  of  the 
arm  would  have  the  same  effect  as  two  pounds 
at  the  middle  of  it:  but  it  would  be  obserw^ 
that  the  one  pound  falls  two  inches,  while  the 
two  pounds  at  half  distance  only  fall  one  inch, 
and  in  replacing  these  weights  after  they  have 
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done  their  work,  it  would  come  exactly  to  the 
same  thiug,    whether  a  person    lifted  the  singly -i 
pound  first  one  inch,  and  then  another,  or  whethef  1 
lie  first  lifted  half  of  the  double  equipoise  an  inch  \ 
and  then  the  other  hall'  as  mucli.  j  | 

Each  atom  of  matter  may  be  considered  as  hel4  I 
to  the  earth  by  its  thread  of  attraction,  andifoacJ 
atom  rise  or  tall  ten  inches,  just  as  much  of  thit,] 
supposed  thread  of  attraction  u-ill  be  drawn  out] 
or  returned,  as  if  ten  atoms  rise  or  tall  one  inch.!  1 

If  a  man  were  to  exert  a  force  of  one  hundred  I 
pounds    at    A,  in  the  above  figure,    to    lift    tliff  ] 
weight  two  feet,  a  boy  at  B  with  force  of  fifty  1 
pounds  might  do  the  same  thing;  but  the  man  I 
would  only  have  moved  down  one  foot,  while  tli«  I 
boywould  havedescended  two;  therefore,  althou^  * 
the  boy  with  the  assistance  of  the  lever,  seemed  to 
become  as  strong  as  the  man,  it  is  merely,  again,  the 
one-pound  spring  unbending  two  inches  to  effect 
what  a  two-pound  spring  does  by  unbending  one 
uich.    The  boy  has  used  two  feet  of  his  smaller 
force  where  the  man  used  one  foot  of  his  greater 
force  f    and    supposing    that    each    could    press 
through  tiie  same  number  of  feet  in  a  day,  tlie  boy 
would  have  worn  himself  out  when  the  man  was 
only  half  tired. — Is  it  wonderful,  therefore,  that 
tlic  boy  shoidd  be  able  to  accomplish  what  the 
nian  does,   with  a  macJiine,  the  construction  of 
which  allows  him  to  use  twice  as  much  of  his 
stnaUer  power,  to  move  it  a  ceitain  way,  as  the 
man  uses  with  it  of  his  larger  power  for  the  same 
purpose? 

If  water,  falling  into  buckets  on  the  beam  j' j/,  at 
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p.  131,  were  to  be  used  as  the  power,  a  two-gallon 
bucket  would  be  required  at  D,  and  only  a  one- 
gallon  bucket  at  E,  because  the  same  quantity  of 
force  being  expended  in  whatever  way  applied,  two 
gallons  descending  one  foot  would  be  just  equal 
to  one  gallon  descending  two  feet.  In  carrying 
this  water  back  again  to  its  place,  it  is  equal 
labour  to  carry  the  same  gallon  up  the  two  feet 
which  it  has  fallen,  or  to  liit  each  ot"  the  two  gal- 
lons one  foot. 

It  appears,  then,  from  all  tliis,  that  as  the  gtian- 
•  tii^  of  motion  in  a  body  is  measured  by  its  velocity, 
and  the  number  of  atoms  in  it  conjointly,  so  the 
quantity  qf  force  exerted  in  any  case,  is  measured 
by  the  intensity  of  the  force  and  the  space  through 
which  it  moves  conjointly ;  and  a  clear  mode 
of  speaking  of  forces  in  comparing  them,  is  to 
state  the  lengths  and  the  intensities — for  instance, 
ten  feet  of  one-pound  force,  and  one  foot  of  ten- 
pound  force. 

A  horse  pulling  with  a  force  of  fifty  pounds 
goes  generally  at  the  rate  of  six  miles  an 
hour,  which  is  upwards  of  five  hundred  feet  per 
minute.  The  steam-engine  piston  generally  moves 
two  hundred  feet  per  minute,  and  with  a  pressure 
of  steam  of  about  twenty  pounds  to  each  square 
inch  of  its  surface.  A  certain  mill-stream  may 
turn  a  wheel  with  a  force  of  one  hundred  pounds, 
at  the  rate  of  four  hundred  feet  per  minute. 
Now  it  is  easy,  by  simple  arithmetic,  and  by  the 
rule  of  length  and  intensity  now  explained,  to 
compare  all  these  forces,  and  to  assign  their  exact 
comparative  values,  when  applied  to  do  similar  work. 
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It  is  the  admirable  tnitb,  that  machines  enable 
man  to  substitute  for  each  other  equivalent  forceai 
of  different  intensities,  which  may  be  said  to  have 
subjected  external  nature  to  his  control.  The 
works  which  he  has  to  do  are  of  a  thousand  kinds, 
from  the  displacing  of  a  rock,  or  tlie  erection  of 
an  obelisk,  to  the  spinning  of  a  cotton  thread; 
but  the  natural  powers  or  forces  at  his  com- 
mand are  very  limited  in  number  and  in  kind, 
and  in  any  particular  case  he  may  have  only  one 
kind  at  his  service :  still,  being  able  to  connect 
together  his  power  and  resistance  by  sohd  medifv 
of  which  different  parts  move  with  dtflerentven 
locities,  he  can  employ  any  power  in  work  of 
almost  any  magnitude  or  kind.  The  time  re-J  ■ 
tjuired  tor  the  work  in  such  cases,  will  be  alway*^ 
proportioned  to  the  disparity  in  intensity  of  th# 
power  and  resistance.  Ten  hours'  work  of  a/ 
little  stream  of  water  will  be  equivalent  to  ona 
hour's  work  of  a  stream  ten  times  as  large;  or«,i 
week's  work  of  one  man  will  equal  a  day's  worle 
of  seven  men,  and  so  on. 

The  prejudice  on  this  subject,  which  itis^tf- 
important  to  remove,  is,  that  the  simple  anachinew" 
lever,    wedge,  screw,    pulley,    &c.,  or   meChaniri' 
p4>wers,  as  they  have  been  called,  are  contrivances  • 
that   really  increase    the    quantity   of  power  otf  " 
force  employed  upon  them.     We  shall  see  most 
distinctly  as  we  proceed,  that  they  merely  enable 
man  to  make  up,  by  working  longer,  tw  what  hw 
strength  would  be  unequalto  if  applied  directly,,  i 
but  -theygive  ihim  no  increase  in-the  quantity  of 
pawer  :  in  other  words,  tliey  never  save  labour. 
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When   it  is   urged,    by   persons   holding  this 
prejudice,  that,  on  a  weighing  beam  or  lever,  one; 
pound  at  the  end  a^ 
eight  inches  from  the 
centre,   will  just   ba^ 
'    tance  the  same  weightf 
tp  !  p-!     LjJ  or   resistance   at  thft 

f'-'I^S  *  other    end,     as     two( 

pounds    placed  at    b^ 
*  or    four  inches    froin. 

the  centre,  or  as  four  pounds  at  c,  or  two  inches 
from  the  centre,  and  therefore,  that  the  different 
positions  on  the  beam  really  make  one  pound  as. 
strong  as  two  pounds  or  as  four  pounds  :  we  allow- 
that  they  are  equivalent  as  balances  while  the 
whole  remains  at  rest,  but  the  instant  that  they, 
are  brought  to  move  or  to  do  work,  we  find 
(refer  to  the  figure  at  page  130)  that  the  one 
pound  must  fall  just  twice  as  far  as  the  two  pounds, 
and  four  times  as  far  as  the  four  pounds,  and 
a  hundred  times  as  far  as  one  hundred  pounds, 
to  do  the  work  of  these  larger  quantities,  and 
therefore,  that  there  is  precisely  the  same  descent 
of  working  matter,  or  the  same  quantity  of  la- 
bour in  all  the  cases — in  a  word,  where  one  pound 
is  made  to  do  any  work  instead  o£  two  pounds, 
there  is  no  more  saving  than  in  giving  away  two 
yards  of  single  rope  instead  of  one  yard  of  double 
rope  ;  and  in  like  manner  for  all  other  differences 
of  intensity.  , 

What  an  infinity  of  vain  schemes — ^yet  ofteq 
displaying  great  ingenuity — of  perpetual  motion^" 
and  new  mechanical  engines  of  power,  &c.  would 
have  been  checked  at  once,  had  this  truth  beeD 
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generally  understood,  that  no  form  or  combina- 
tion of  machinery  ever  did  or  ever  can  increase,  1 
in   the    slightest    degree,    the  quantity  of  power  J 
applied.     No  year  passes  without  several  patents  j 
■being  taken  out  for  such  supposed  discoveries  ;  "I 
and  the  deluded  projectors,  when  they  happen  to  J 
be  poor,  often  sell  even  their  household  goods  to  J 
getthe  means  of  securing  the  supposed  advantages.  1 
Many  of  them  have  afterwards  died  of  broken  j 
heart,    when  their  attempt,    instead    of  bringingl 
riches  and  happiness,  to  their  families,  has  ended  ' 
in  disappointment  and  utter  ruin.     The  frequency 
and  eagerness  and  obstinacy  with  which  even  ta- 
lented individuals  engage  in  such  undertakings, 
owing  to  their  imperfect  knowledge   of  natural 
philosophy,  is  a  remarkable  phenomenon  in  human 
nature.    Examples  of  such  schemes  will  be  noticed 
in  different  parts  of  this  work,  where  they  may 
serve  to  illustrate  points  under  consideration. 

"  Lever,  wheel  and  arle,  i§r."  (Read  t)ie  anali/sis 
at  page  IO7.J 

These  are  the  simplest  of  the  contrivances, 
which  the  circumstance  of  solidity  in  masses,  has 
enabled  man  to  adopt,  for  the  purpose  of  connect- 
ing or  opposing  forces  and  resistances  of  different 
intensities.  We  proceed  to  describe  them,  and  to 
explain  some  of  their  useful  applications. 
"  Lever." 

A  beam  or  rod  of  any  kind,  resting  at  one 
part  on  a  prop  or  axis,  is  a  lever ;  and  it  has  beeti 
so  called  probably,  because  such  a  contrivance 
was  first  employed  for  lifUng  weights. 
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This  figure  represents  a 
lever  used  to  move  a  Uoek 
of  stone :  a  is  the  eikl  to 
which  the  power  <mp  ^^me 
is  applied^  f  is  the  prtfp  or  Jklcrum^  and  bisikR 
'weight  or  resistance'-^va  this  case  a  mas$  oi  stxme* 
According  to  the  rule  Jdready  given  aaod  explained 
at  page  136,  the  power  may  be  as  much  le&s  in- 
tense than  the  resistance,  as  it  i6  farther  from  the 
fulcrnm.  A  man  at  a^  therefor^,  twice  as  fur 
from  the  prop  as  is  the  centre  o£  gravity  of  the 
stone  d,  will  be  able  to  lift  a  stCNoe  twice  as  heavy 
as  himself;  but  he  will  only  lift  it  one  inch  &xr 
every  two  inches  that  he  descends :  attd  it  woidd 
require  two  men  acting  at  half  the  distance,  to 
do  the  same  work. 

The  jSgure  at  page  136  is  also  of  a  lever,  and 
there  it  has  the  shape  of  a  weighing  beam,  a  and 
a  represent  pound  wisights  balancing  dach  other 
at  equal  distances  from  the  centre  of  the  beam 
or  ftilcrum.  If  a  two  pound  weight  b  were  sub- 
stituted at  half  the  distance  from  the  centre  in 
place  of  the  one  pound — or  a  four  pound  wieight 
r,  at  one-quatter  of  the  distance,  the  balatwie -^duld 
still  remain. 

TTlere  is  no  limit  to  the  disparitjr  of  forces  ^iS 
ib  intensity)  that  may  be  placed  in  oppositicm  to 
each  otheir  by  the  lever,  except  the  length  and 
strength  of  our  trees,  frorii  "^hich  the  levers  must 
be  formed.  A  fbrc^  which  is  one  hundred  t&nes 
as  HeiX  frbm  the  centre  of  motion  as  the  resistadice^ 
will  balance  a  tesistaBce  otie  hundred  tilnes  j» 
intense  as  itMlf ;  /bat  th  moving^  it  must  pas 
through  one  hundred  times  more  space.     Archi- 
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medes  said,  and  said  truly,  "  give  me  a  lever  long 
enough,  and  a  prop  strong  enough,  and  with  my 
own  weight  I  will  move  tlie  world."  But  he 
would  have  required  to  move  with  the  velocity  of 
a  cannon  ball  for  millions  of  years,  to  alter  the 
position  of  the  earth  by  a  small  part  of  an  inch. 
Science  had  not  yet  shewn,  that  this  feat  of 
Archimedes  is  performed  by  every  man  who  leaps 
up  from  the  ground,  for  lie  really  kicks  the  world 
a  little  way  from  him  when  he  rises,  and  attracts 
it  again  when  he  falls  back. 

To  calculate  the  precise  effect  of  a  lever  in  prac- 
tice, it  is  always  necessary  to  take  into  account 
the  weight  of  the  lever  itself  and  its  bending  j  but 
in  speaking  of  the  theory  of  the  lever,  it  is  usual  to 
disregard  this,  and,  for  the  time,  to  consider  it  as 
a  rod  without  weight  and  without  flexibility. 
-  The  rule  for  the  lever,  that  opposing  ibrces,  to 
balance  each  other,  must  be  more  or  less  intense, 
exactly  as  they  act  nearer  to  or  farther  from  the 
centre,  holds  in  all  cases,  whetlier  the  forces  be  on 
di&rent  sides  of  the  prop,  or  both  on  the  same 
side,  and  whether  the  force  nearest  to  the  prop 
have  tjie  office  oi'  power  or  of  resistance. 

The  following  are  examples  of  levers  with  the  prop 
between  the  forces. 

The  handspike,  represented  in  p.  138  as  moving 
a  block  of  stone.  The  same  form  is  called  a  crow- 
bar when  mad?  of  iron^  and  with  its  extremity 
formed  into  claws.  Both  of  these  are  used  much 
by  gWiflera,  ia  tiie  woaking  and  placing  of  cannon 
dijiing  itia^e ;  they  ^re  also  used  generally  for 
k4 
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lifting  and  moving  heavy  things  through  small 
spaces,  as  the  materials  of  the  mason,  the  ship* 
builder,  the  warehouseman,  &c.  Housebreakers 
use  a  short  crow-bar  for  wrenching  locks  <^n, 
tearing  off  hinges,  &c. 

The  common  claw  hammer,  for  drawing 
nails,  is  another  example.  A  boy  who  cannot 
exert  a  direct  force  of  fifty  pounds,  may  yet  by 
means  of  a  hammer  extract  a  nail  to  which  half  a 
ton  might  be  suspended,  because  his  hand  moves 
through  perhaps  eight  inches,  to  make  the  nail 
rise  one-quarter  of  an  inch.  The  claw-hammer 
also  proves,  that  it  is  of  no  ccmsequence  whether 
tiie  lever  be  straight  or  crooked,  provided  it  pro*, 
duces  the  required  difierence  of  velocity  betwe^i 
power  and  resistance.  The  fulcrum  of  the  ham* 
mer  is  the  purt  resting  on  the  plank. 

Pincers  or  forceps  are  double  levers,  <^  which 
the  hinge  is  the  common  prop  orftdcrum.  In 
drawing  a  nail  with  steel  nippers,  one  has  a 
good  example  of  the  advantages  of  using  a 
UxAz  1,  the  nail  is  seized  by  teeth  <^  steel 
instead  of  by  soft  flesh.  %  instead  c^the  force  of 
the  extreme  fingers  only  to  gripe  it,  there  is  the  fierce 
of  the  whole  hand  conveyed  through  the  handles  of 
the  nippers.  3,  the  force  is  rendered  perhaps  six 
times  more  efiective  by  the  lever  length  of  the 
handles.  And  4,  by  making  the  shoulder  of  the 
nippers  a  fulcrum  in  drawing  the  naU,  it  acquires 
all  the  advantages  of  the  claw  hammer  for  tiie 
same  purpose. 

The  obstetric  forceps  is  an  example  of  this  class, 
wliidi  tjbe  professioBal  man  requires  to  study  at- 
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tentively.  The  blades  are  not  fixed  to  each  other 
permanently  as  in  common  forceps,  but  rest  on, 
or  hook  into,  each  other  when  required. 

Common  scissors  are  also  double  levers,  as  are 
those  stronger  shears,  with  which  bars  and  plates 
of  iron  are  now  cut  under  the  power  of  a  steam 
engine  as  readily  as  paper  is  cut  by  the  hand. 

The  common  fire  poker  is  a  lever.  It  rests  on 
the  bar  of  the  grate  as  its  prop,  and  displaces  or 
breaks  the  caked  coal  behind  as  the  resistance. 

The  mast  of  a  ship,  with  sails  set  upon  it,  may 
be  regarded  as  a  long  lever,  having  the  sails  as  the 
power,  turning  upon  the  centre  of  buoyancy  of 
the  vessel  as  the  fulcrum,  and  lifting  the  ballast 
or  centre  of  gravity  as  the  resistance.  For  this 
reason  lofty  sails  make  a  ship  heel  or  lean  over 
greatly,  and  become  dangerous  in  open  boats. 

In  some  of  the  islands  in  the  Eastern  and  Pa^ 
cific  Oceans  boats  are  used  extremely  narrow  and 
sharp,  that  they  may  sail  swiftly ;  and  to  counteract 
the  overturning  tendency  of  their  large  sails,  they 
have  an  outrigger  or  projecting  plank  to  wind- 
ward, on  the  extremity  of  which  several  of  the 
crew  sit  as  a  balance. 

Perhaps  no  instance  of  the  lever,  with  the  prop 
between  the  forces,  is  more  interesting  than  the 
weighing  beam :  whether  it  be  that  with  equal 
arms  forming  the  common  scale  beam ;  or  that 
with  unequal  arms,  forming  the  steelyard. 

We  have  seen  why  quantities  attached  at 
equal  distances  from  the  prop,  must  be  equal 
to  each  other  to  balance.  A  lever,  therefore, 
enabling   us  to  place  quantities  thus  exactly  in 
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Opposition    to    each    other,    and   tunung    easily, 

becomes  a.  weighing  beam.     The  annexed  figure 

^  shews     a     common      form. 

I  Those  made  for  phiJosophi- 

=^  cal  purposes  are  so  perfect 

and  delicate,  that  they  turn 
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■with  the  weight  of  a  small  part  of  a  grain. 
The  axis  or  pivot  of  a  weighing  beam  is 
sharpened  below,  wedgelike,  that  its  centre  may 
be  (licely  determiuetl,  and  that  it  may  turn  easily. 
In  a  delicate  balance,  the  axis  is  almost  as  fine  as 
a  knife  edge.  It  rests  on  some  fit  hard  smooth 
Burlace  of  support.  The  scales  are  suspended  also 
by  sharp  edges,  to  determine  nicely  the  points  of 
suspension,  and  to  facilitate  motion.  ITie  length 
of  tJie  arms  must  be  perfectly  equal,  otherwise  a 
smaller  quantity  on  the  long  arm  will  balance  a 
larger  quantity  on  the  short  one.  There  have  been 
unprincipled  shopkeepers,  who  have  purposely  had 
that  arm  of  their  balance  to  which  the  merchan- 
dize was  attached,  a  Uttle  longer  than  the  other, 
and  thus  a  smaller  quantity  than  due,  lifted  tlie 
weight :  half  an  inch  difference,  in  a  beam 
arm  of  eight  inches,  would  cheat  tlie  buyer  of 
exactly  one  ounce  in  every  poundi  The  cheat  is 
to  be  detected  instantly,  by  changing  the  places 
of  the  two  things  balanced :  for  thus  the  lightest 
will  be  at  the  short  arm,  and  'will  then  be  doubly 
too  light  To  try  any  beam,  we  must  first  balance 
two  things  on  it  perfectly,  and  theq  transpose 
tiiem.  For  very  delicate  purposes,  the  line  of 
the  fine  edge  on  which  the  beam  turns  must  pass 
through  the  centre  of  gravity  of  the  beam,  fpr  if 
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the  centre  of  gravity  be  below  the  support,  it  "will 
be  to  the  beam  w  Jat  ballast  is  to  a  Bhip,  and  will 
keep  the  beam  horizontal,  witli  force  requiring  a 
certain  weight  to  turn  it.  If  the  centre  of  gra- 
vity, again,  were  above  the  centre  of  motion,  the 
beam,  once  inclined,  would  fall  over,  and  could 
not  recover  again  of  itself.  In  common  beams, 
the  centre  of  gravity  is  always  below  the  line 
of  support,  that  the  balance  may  hang  horizontally, 
and  may  quickly  return  to  its  bearing. 

There  is  a  mode  of  arriving  at  very  accurate 
results,  even  with  a  weighing  beam  which  is  not 
itself  accurately  made,  provided  it  turn  easily  on 
its  axis  J  and  it  is  this :  first  to  balance  the  tiling 
to  be  weighed  very  nicely  in  one  scale,  and  then 
remoA-ing  it,  to  put  weights  into  the  same  scale, 
until  a  peifect  balance  is  again  produced.  These 
weights  are  the  exiict  equivalent  or  weight  of  the 
substance  under  examination,  however  unhke  to 
each  other  the  arms  of  the  balance  may  be. 

_  The  steelyard  is  a  le- 

\r    I     :     »     .4  4    t   ver  with  unequal  arms ; 
"^     '  A  and  if  we  suppose   the 

hook  of  the  short  end 
\''*  t"  be  one  inch  tVom  the 

centre  of  support  c,  a 
pound  weight  on  the  long  aim  will  always  balance 
■s  many  pounds  suspended  at  tlie  bIkmI  ai-m  as  the 
pound  is  removed  inches  from  the  fulcrum.  This 
supposes,  however,  that  the  bare  steelyard  hangs 
horizontally,  from  having  a  greater  mass  at  the 
short  end  to  balance  the  long  slender  limb  from 
which  the  weight  hangs.  In  the  figure,  one  pound 
is  seen  balancing  four  pouijds.         r      ,  ..,   ,,,  ,,,, 
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The  Chinese,  who  are  so  remarkable  for  t 
simplicity  to  which  they  have  reduced  their  com- 
mon implements,  weigh  all  small  objects  by  a  de- 
licate steelyard.  It  consists  of  a  rod  of  about 
six  inches  in  length,  having  a  silk  cord  attached 
to  a  particular  part,  to  serve  as  a  fulcrum,  and 
with  a  sHding  weight  on  the  long  arm,  and  a  small 
scale  on  the  short  one. 

Examples  of  levera  witli  both  forces  on  the  same 
side  of  the  prop,  the  force  farthest  from  the 
prop  being  the  power. 

A  common  wheel-barrow;  in  using  which  a  man 
bears  as  much  less  than  the  whole  weight  of  the 
load,  as  the  centre  of  gravity  of  this  is  nearer  to 
the  wheel  than  to  liim. 

Two  porters  carrying  a  load  between  tliem  on  a 
pole,  share  it  equally,  if  it  be  in  the  middle  be- 
tween them ;  but  if  it  be  more  towards  one  end, 
he  to  whom  it  is  nearest  carries  as  much  more  than 
the  other  as  the  load  is  nearer  to  him.  A  load  at 
c  is  equally  borne  by  a  porter 
at  a  and  by  one  at  b  ;  but  a 
load  at  d  gives  three  quarters  of 
its  weight  to  the  man  at  o,  and  only  one  quarter 
to  him  at  b. 

When  two  horses  draw  a  plough,  a  cross-tree  is 
used,  with  the  middle  hooked  to  the  plough,  and 
•a.  horse  attached  to  each  end.  The  two  must  thus 
■pull  equally  to  keep  the  tree  directly  across.  If 
three  horses  are  wanted  to  pull,  in  heavy  land,  the 
farmer  attaches  two  of  them  to  one  end  of  the 
cross-tree,  but  he  then  attaches  it  to  the  plough  by 
a  hook  twice  as  near  to  one  end  as  to  the  other. 
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The  oar  of  a  boat  is  a  lever  of  this  kind,  al- 
though the  fulcrum  is  the  unstable  water. 

The  common  table  nutcrackers  also,  by  the 
lever  power  of  which  a  person  can  break  a  shell 
ten  times  as  strong  as  with  the  bare  fingers. 

We  liere  also  see  the  reason  why  a  finger  caught 
near  the  hinge  of  a  door  when  shutting,  is  so  much 
injured.  The  centre  of  action  of  the  door  is 
moving  through  a  great  space  comparatively,  and 
is  acting  witii  a  great  lever  advantage  on  a  resist- 
ance placed  where  the  lever  is  moving  very  slowly. 
Children  often  pinch  their  fingers  in  the  same  way 
in  the  hinge  of  the  fire-tong.s,  and  wonder  why  the 
bite  is  so  keen. 

The  phenomenon  of  the  branch  of  a  tree  giving 
way,  when  overloaded  with  snow  in  winter,  or  with 
fruit  in  autumn,  also  exhibits  the  action  of  this 
kind  of  lever.  The  resistance  is  the  cohesion  of  the 
branch  to  the  tree,  where  it  first  cracks,  and  the 
fulcrum  is  the  last  part  that  remains  unbroken. 

Examples  of  the  lever,  where  the  two  forces  are 
on  the  same  side  of  the  pivot,  and  where  the 
one  nearest  to  the  pivot  acts  as  the  power.  In 
this  kind  the  power,  of  course,  is  more  intense 
than  the  resistance. 

A  man  pushing  open  a  gate  while  standing  near 
the  hinges,  moves  his  hand  a  much  less  way,  than 
the  end  of  the  gate. 

When  a  man  uses  the  common  fire-tongs,  the 
ends  move  much  farther  than  his  fingers,  and  with 
proportionately  less  strength ;  and  no  one  fears 
a  pinch  with  the  ends  of  the  fire-tongs. 

But  the  most  beautiful  and  remarkable  instances 
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of  this  modification  of  l^er  we  inP  tte  liitibi^  of 
animals.  The  object  in  tfltese  'WM  to  git^e  to  1^ 
extremities  grettt  fmige  and  fi^edcmi  of  motion, 
BB^lstSl^hKv^ 4)o  iMcoulli  CP<M  cordR Kke  be#^ 
strifes  ranmng  between  the  parts.  This  has  be^^ 
obtftitied  most  perfectly,  by  inserting  the  moving 
tendons  or  ropes  near  to  the  joints,  wtiiidk  are  tile 
pivots  or  fulcra  of  the  bone  levers. 

In  the  human  arm,  the  deltoid  muscle,  which 
forms  the  cushion  of  the  shouldcsr,  by  contracthig 
its  fibres  one  inch,  will  raise  the  elbwr  twenty 
inches ;  and  of  course,  if  it  raise  it  so  as  to  U^  at 
the  extremity  a  weight  of  fifty  pounds,  ^  it  must 
itself  be  acting  with  a  force  twenty  tbnes  as  in- 
tense,  or  with  'one  thousand  pounds. 

What  extraor^naiy  force  of  muscle  is  disfdayisd, 
then,  by  that 'man  wbo4ifts  another  :at  die  ^nd  o^ 
his  eictended  arm^  yet  some^nen  do  this  with  ease^ 
and  even  on  both  ^ides  at  once. 

How  powerful  must  be  the  wing  muscles  of  those 
birds,  that  by  this  kind  of  action  sustain  them- 
selves in  the  sky  for  many  hours  together.  The 
great  albatross,  with  wings  extending  fourteen 
feet  or  more,  is  seen  in  the  stormy  solitudes  of  the 
Southern  Ocean,  accompanying  ships  for  whole 
days  without  ever  resting  on  the  waves. 

Two  inches'  ^contradtion  of  the  glutei  muscles 
of  the  hip,  gives  to  the  human  step  €Plength  of  four 
feet. 

While  it  was  the  erroneous  opinion  that  ^ma- 
ohine^  really  increased  po^er,  mstead  of  me^e^ 
}y  accommodating  forces  ^to  purposes,  thi«  (iMt 
kind  of  lever,  where^gr^attforce  acting  through 
a  4hmt  dfHMie^  "in  tnade  4o  ^i^e  Pgr^Mt  eiMent 
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of  motion  and  other  benefits,  was  regretted  by 
many  as  a  most  unprofitable  contrivance,  and  it 
was  called  tiie  losing  lever. 

It  is  almost  unnecessary  to  say,  that  the  same 
rule  of  comparative  velocities  ascertains  tlie  rela- 
tions required  in  power  and  resistance  where  a 
combination  of  levers  is  used,  as  where  tliere  is 
only  one.  If  a  lever  which  makes  cme  balance 
Jour,  be  applied  to  work  a  second  lever  which 
does  the  same,  one  pound  at  the  long  arm  of  the 
first  will  balance  sixteen  pounds  at  the  short  arm 
of  the  second  lever. 

The  general  rule  for  the  lever,  that  a  force  may 
be  less  intense  the  farther  it  is  from  the  pivot, 
holds  true  only  when  the  force  acta  at  right  angles, 
or  directly  across  the  lever ;  for  if  there  be  any 
obliquity,  it  causes  a  corresponding  diminution  ol' 
eflect,  in  the  degree  exjjlained  under  the  head  of 
resolution  q/' forces,  at  page  76.  For  instance,  one 
,  pound  at  b  on  the  end  of  the 

long  ann  of  the  bent  lever 
bdCy  because  its  weight  does 
not  act  directly  across  b  d,  has 
influence  only  as  if  it  were 
acting  directly  at  the  end  of 
the  shorter  horizontal  annj'd ,-  and  the  two  pound 
weight  at  a  acts  only  as  if  it  were  on  tlie  horizon- 
tal arm  at  e ;  now  as  e  is  only  half  as  i'ar  from  the 
centre  as  Jl  two  pounds  at  a  will  just  balance  the 
one  pound  at  b.  In  every  case,  the  exact  influ- 
ence of  weights  may  be  known  by  referring  them 
to  places  directly  above  or  below  them,  on  a  sup- 
jiosed  horizontal  lever  ef  What  is  called  a  bent 
lever  balance,  is  made  on  this  principle.     It  has  on 
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one  side  a  hea%y  wei^t  at  a;  an^  oa  the  other 
tide  a  scale  attadied  at  6  /  and  the  wei^it  of  any 
thing  put  into  the  scale  is  known  bj  die  distance 
to  which  a  is  mmred  from  the  siqipcMt  c  d  before 
equilibrium  is  produced.  This  distance  is  always 
by  the  line  e  d. 

"  2%e  wheel  and  axk^ 

is  the  next  of  the  umpk  ma- 
chines, d  represents  a  wheel, 
and  €  an  axle  affixed  to  it ; 
and  in  tumii^  together,  it  is 
seen  that  as  much  more  rope 
would  be  unwound  from  the 
wheel  than  froat  the  axle  as 
the  diameter  of  the  one  were 
greater  than  that  of  the  other.  If  the  proportions 
were  as  four  to  one,  one  pound  at  6,  hanging  firom 
the  circumference  of  the  wheel,  would,  balance 
four  pounds  at  a,  hanging  from  the  opposite  side 
of  the  axle. 

This  figure  represents  the  same  ob- 
ject as  the  last,  only  as  it  would  ap- 
pear if  viewed  endways,  and  it  ex- 
plains why  the  wheel  with  its  axle  has 
been  called  a  perpetual  lever.  The 
two  weights  hanging  in  opposition,  on 
the  wheel  at  a,  and  on  tlie  axle  at  6, 
are  always  as  if  they  were  connected  by  a  lever 
a  c  bj  turning  on  the  centre  c  as  its  prop :  and 
while  a  simple  lever  could  only  lift  through  a  small 
space,  it  is  evident  that  this  constniction  will  lifi 
as  long  as  there  is  rope  to  be  wound  up. 

A  common  craiie  for  raising  weights,  consists 
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of  an  axle  winding  up  the  rope  which  carries  the 
weight,  and  of  a  large  wlieel,  to  the  circumference 
of  which  the  power  is  applied.  The  power  may 
be  either  the  effort  of  the  hand,  or  the  weight  of  a 
man  or  inferior  animal  walking  in  the  inside  of 
the  wheel,  and  moving  it  as  a  squirrel  moves  the 
cylinder  of  its  cage. 

The  capstan,  on 
board  of  ships,  is 
merely  a  large  up- 
right axle  or  spindle 
b,  round  which  the 
cable  or  other  rope 
a  b  c,  may  be  wound.  It  is  turned  by  the  men 
pushing  at  the  capstan  bars  d  e,  &c.,  which  for  the 
time  are  stuck  into  holes  made  for  them  in  the 
broader  part  or  drum  at  the  top  of  the  spindle. 
The  bars  may  be  considered  as  the  spokes  of  a 
large  wheel,  and  the  effect  produced  by  a  man 
working  at  one  of  them  is  in  proportion  to  ids 
distance  from  tiie  centre.  The  capstan  is  chiefly 
used  on  board-ship,  for  lifting  the  anchor,  and  for 
doing  any  other  very  heavy  work ;  but  it  is  also 
very  useful  on  shore. 

The  common  winch,  represented  as  attached  to 
tlie  wheel  and  axle  in  the  preceding  page,  at  c, 
with  which  a  grindstone  is  turned,  or  a  crane 
worked,  or  a  watch  wound  up,  is  really  in  principle 
a  wheel ;  for  the  hand  of  the  worker  describes  a 
circle,  and  it  makes  no  difference  whether  an 
entire  wheel  be  turning  with  it,  or  only  a  single 
spoke  of  awheel. 

That  part  of  a  common  watcli   called  the  fusee 
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is  as  beautiful  an  illustratdou  of  the  principle  of 
the  wheel  now  under  consideration^  as  it  is  a  use- 
ful and  ingenious ,  contrivance.  The  cqpring  of  a 
watch,  iriunediately  after  winding  up,  being  more 
bent,  is  acting  more  powerfu%  than  it  does  after- 
wards when  slacker ;  and  were  there  no  ineans  of 
equalizing  the  action,  it  would,  destroy  the  wished- 
for  uniformity  in  the  motion  of  a  time-piece.  The 
fusee  is  this  means.  It  may  be  considered'  as  a 
barrel  or  spindle.  graduaUy  diminishing  from  its 

liarge  end  by  to 
its  small  end  a, 
with  the  sur- 
face cut  into 
a  spiral  groove 
to  recmve  it 
chain.  The  spring  which  is  in  the  box  c  movea 
the  watch  by  pulling  at  this  chain.  Now  when' 
the  watch  has  just  been  wound  up,  the  fusee  H 
covered  with  the  chain  up  to  the  small  end  a^  and 
the  newly  bent  and  strong  spring  begins  to  pull  hy. 
this  small  end  or  short  lever ;  afterwards,  exact^^ 
as  the  spring  becomes  relaxed  and  weaker,  it  ia 
pulling  always  at  a  larger  and  larger  part  of  th^ 
fusee  barrel,  and  therefore  is  always  producing  an 
equal  effect  on  the  general  movement. 

A  large  fusee  is  often  used  in  place  of  a  comindU' 
axle,  to  a  winch,  for  drawing  water  by  a  bucket  and 
rope  from  very  deep  wells.  When  the  bucket 
is  near  the  bottom  of  the  well,  the  labourei:^ 
has  to  overcome  the  whole  weight  of  the  long 
rope,  in  addition  to  that  of  the  bucket  and  water, 
aod  do€3  it  more  easily  by  beginning,  to  wmd  on 
a  small  part  of  the  axle. . . 
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By  the  double  axle  a  by 
very  unequal  intensities  of 
force  may  be  balanced.  It 
is  seen  that  in  turning  it, 
a  rope  unwinding  from 
the  small  end  a^  is  taken 
up  by  the  large  end  i,  turn 
for  turn,  and  the  rope  below 
is  shortened  at  each  turn  by  the  difference  between 
the  ends.  If  the  weight  rise  half-an-inch  only, 
while  the  handle  of  the  winch  describes  a  circle. 
qJC  fifty  inches;  one  pound  force^  at  the  winch, 
would  balance  one  hundred  pounds  at  rf.   ^ 

When  a  wheel  is  made  very  large,  or  an  axle 
Yery  i^gJl, .  although  ihu^  fbrc(^s  of  very  diflferent, 
intensities  may  be  balanced,  still  the  machine 
becomes  of  inconvenieht  proportions ;  and  it  is 
found  preferable,  when  a  great  difference  of  velo-. 
city  is  Required,  to  use  a  combination  of  moderate- 
sized  wheels  instead  of  one  which  is. very  large. 

In  this  figure  .three 
wheels  are  seen  con- 
nected together.  Teeth 
on  the  axle  rf,  of  the 
first  wheel  c,  act  on  teeth 
in  the  circumference  of 
the  second  wheel  gy  and 
turn  it  once  for  every  six 
times  the  c  turns ;  and 
in  the  same  manner  the  second  wheel,  by  turning 
six. times,  turns  h  once,  and  therefore  the  first 
y^heel  tarns  thirty-six  times  for  one  turn  of  the  last ; 
smd  ^.tiie  diameter  of  the  wheel  c,  to  which  the 
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power  is  applied,  is  three  times  as  great  as  that  of 
the  axle  f^  which  has  the  resistance  :  three  times 
thirty-six,  or  one  hundred  and  eight,  is  the  differ- 
ence of  intensity  between  weights  or  forces  that 
will  balance  here, — The  axle  with  teeth  upon  it,  as 
d  or  ^,  is  called  a  pinion. 

On  the  principle  of  combined  wheels,  cranes 
are  made,  by  which  one  man  can  lift  many  tons. 
It  would  even  be  possible  to  make  an  engine,  by 
means  of  which  a  little  windmill,  of  six  inches 
diameter,  should  be  enabled  to  tear  up  the  strongest 
oak  by  the  roots  ;  but  of  course  it  would  require 
a  very  long  time  for  its  work. 

The  most  familiar  instance  of  wheel-work  is  in 
our  clocks  and  watches.  One  turn  of  the  axle 
on  which  the  watch-key  is  fixed,  is  made  equiva- 
lent to  about  four  hundred  turns  or  beats  of  the 
baljtnce  wheel,  and  the  exertion  of  the  hand 
which  winds  up,  during  a  few  seconds,  is  thus 
sufficient  to  give  motion  for  twenty-four  or  thirty 
hours.  By  increasing  the  number  of  wheels,  a  time- 
piece is  made,  which  will  go  for  a  year :  gne  might 
be  made  to  go  for  a  hundred  or  a  thousand  years. 
Wheels  and  axles  may  be  connected  by  bands 
as  well  as  by  teeth,   as  is  seen  in  the  common 

spinning    wheel,   in 
turning  lathes,  grind- 
*   >..,  stones,  &c.  &c.     A 

(^h   spinning    wheel    of 
,.-"""         thirty     inches     Cir- 
cumference, as  a  c^ 
turning  by  its  band, 
a  pirn  or  spindle  of  half  an  inch,  ^,  turns  this  six^^ 
times  for  every  turn  of  itself. 
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"  IVie  inclined  plane  " 

is  the  third  means,  which 
we  shall  describe,  of  ba- 
lancing forces  of  diflFer- 
ent  intensities,  by  solid 
media.  A  force  jmshing 
a  weight  from  c  to  d,  only  raises  it  tlirough  the 
perpendiciilar  height  e  d,  while  it  acts  along  the 
whole  length  of  the  plane  c  d  j  and  if  the  plane  be 
twice  as  long  as  it  is  high,  one  pound  at  h,  acting 
over  the  pulley  (/,  would  balance  two  pounds  at  a, 
or  any  where  on  the  plane :  and  so  of  all  other 
(juantities  and  proportions. 

A  horse  drawing  on  a  road  wliere  there  is  b., 
rise  of  one  foot  in  twenty,  is  really  lifling  one- 
twentieth  of  the  load,  as  well  as  over-coming 
the  friction  and  other  resistance.  Hence  the 
importance  of  making  roads  as  level  as  possible ; 
and  hence  the  folly  of  our  forefathers,  in  often 
carrying  their  roads  directly  over  the  tops  of  hills, 
lor  the  sake  of  the  straightness  considered  ver- 
tically, while  by  going  round  the  bases,  they  might 
have  saved  distance,  and  would  have  avoided 
all  rising  or  falling.  Hence,  also,  in  making 
a  road  up  a  very  steep  hill,  instead  of  carrying  it 
directly  up,  it  is  made  to  wind  or  zig-zag  all  the 
way :  for  the  height  of  tiie  mountain  remaining 
unchanged,  the  ease  of  the  pull  to  the  horses  is 
increased  exactly  as  the  road  is  made  longer. 
This  rule  of  road-making  is  exhibited  remarkably 
on  the  almost  perpendicular  faces  of  gome  of 
the    hillfl  in  the    island  of    St.  Helena ;     where. 
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exceedingly  safe  and  commodious  roads  have 
been  constructed,  leading  to  the  forts  and  resi- 
dences near  the  summits.  An  intelligent  driver, 
in  ascending  some  of  the  steep  hills  near  London, 
on  the  old  roads,  winds  from  side  to  side  of  the 
road  all  the  way,  to  save  his  horses  a  Utde. 

The  railways  of  modern  times  offer  a  beautiful 
illustration  of  this  subject.  They  are  made  either 
perfectly  level,  so  that  the  drawing  horse  or 
steam  engine  has  only  to  overcome  the  friction  j 
or  where  heavy  loads  are  only  passing  one  way; 
as  from  mines,  they  are  made  to  slope  a  very  little, 
so  as  to  save  the  labour  of  the  steam  engine 
altogether,  and.  to  require  one  horse  only  to  regu- 
late the  movement.    . 

Hogsheads  of  merchandize,  which  twenty  men 
could  not  lift,  are  oft;en  seen  moved  out  or  into 
waggons,  with  the  assistance  of  inclined  planes, 
by  one  or  two  men.  In  some  canals,  the  boats  ai^ 
drawn  up  by  machinery  on  inclined  planes,  instead 
of  being  raised  in  locks,  as  is  more  usual. 

It  is  supposed  that  the  ancients  (the  Egyptians 
particularly)  must  have  used  the  inclined  plane^ 
for  the  purpose  of  transporting  and  elevating  tte 
immense  masses  of  stone  which  still  remain  from 
their  times  as  pillars  and  obelisks. 

Our  common  stairs  are  inclined  planes  in  prin^ 
ciple ;  but,  being  so  steep,  are  cut  into  horizbntfl 
and  perpendicular  surfaces,  that  there  may  be  ft 
firm  footing. 

A  body  falling  freely,  in  obedience  to  gravity, 
descends  about  sixteen  feet  in  the  first  second,  -si 
already  explained  at  page  80.  If 'made  to  tm 
dowij  an  inclined  plane,    it  goes  just  as  much 
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dewer'  than  this,  as  the  length  of  the  plane  is 
greater  than  its  height.  In  a  plane  rising  one 
toot  in  sixteen  of  its  lengtli,  a  body  would  roll 
down  only  one  foot  in  a  second. 

The  descent  of  a  pendulum  in  its  arc  is  int- 
vestigated  mathematically  by  the  law  of  the  in- 
clined plane,  whicii  it  exactly  obeys. 

And  the  law  of  the  inclined  plane  itself  is  ma- 
thematically examined  by  the  principle  of  the 
resiylulion  qfjvrces,  explained  at  p.  76- 
"  The  wedge  " 
is  merely  an  inclined  plane,  or  two 
together,  pushed  in  between  resistances 
to  overcome  them,  instead  of,  as  in 
the  last  case,  the  resistance  being 
moved  along  the  plane  :  and  the  same 
rule  explains  the  principle  of  both. 
Irt  pushing  or  driving  a  wedge  into  its 
place,  the  force  may  be  considered  as 
moving  through  a  space  equal  to  the  letigth  of  the 
wedge  c  d,  and  the  resistance  is  separated  by  a 
space  equal  to  the  thickness  of  the  wedge  or  a  b. 
But  this  rule  is  far  from  explaining  the  extra- 
ordinarj'  power  of  a  wedge.  It  appears,  that 
during  the  tremor  of  the  particles,  produced  by  the 
blow  of  the  driving  hammer,  the  wedge  point  in- 
sinuates itself,  and  advances  more  quickly  than  the 
above  law  anticipates. 

The  wedge  is  used  to  split  blocks  of  stone  and 
wood,  and  sometimes  to  squeeze  strongly,  as  in 
the  oil  press.  It  is  also  used  to  lift  great  weights, 
as  when  a  ship  of  war  in  dock  is  raised  by  driving 
wedges  under  the  keel. 

L4f 
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An  ingenious  engineer  in  London,  who  had 
built  one  of  those  very  lofty  and  heavy  chimnies 
required  for  steam  engines,  &c.,  found  some  time 
after  that  it  was  beginning  to  incUne,  owing  to 
the  dampness  of  the  foundation.  He  succeeded, 
however,  by  driving  wedges  under  it  on  one  sid^ 
to  restore  it  to  perfect  uprightness. 

Nails,  awls,  needles,  &c.  are  examples  of  the 
wedge ;  as  also  all '  our  cutting  instruments,  as 
knives,  razors,  the  axe,  &c.  Some  of  these  latter 
are  used  somewhat  in  the  manner  of  a  saw,  which 
is  a  series  of  wedges,  by  pulhng  them  along  at  the 
same  time  that  they  are  pressed  forward  against 
the  object.  It  appears  that  the  vibration  of  the 
particles  produced  by  this  action  allows  the  edge 
to  insinuate  itself  more  easily,  for  the  sharpest 
razoi^  may  be  pressed  directly  against  the  hand 
.with  considerable  force,  and  will  not  enter,  but 
if  drawn  along  ever  so  little,  it  darts  into  the  flesh. 

"  The  screw  '* 
ri  y     is   another   contrivance   of 

^-^   n  )  the  same  class.     It  may  be 

"    — -  called  a  winding  wedge,  for 

it  has  the  same  relation  to 
a  straight  wedge  that  a  road 
winding  up  round  a  tower 
has  to  a  straight  road  of  th^ 
same  length  and  acclivity. 
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A  screw  may  be  described  as  a  spindle^  widi  a 
thread  wound  spirally  round  it;  and  it  turns  or 
works  in  a  nut,  which  has  a  corresponding  spiral 
ftirrow  just  fitted  to  receive  the  thread.  Every 
turn  of  the  screw,  therefore,  carries  it  forward  in 
the  nut,  or  draws  the  nut  along  upon  it,  by  ex- 
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actly  the  distance  between  two  tuni3  of  its  thread* 
This,  therefore,  is  the  space  described  by  one  of 
the  forces  (generally  the  resistance) ;  and  the 
other  moves  in  the  circumierence  of  the  circle 
described  by  the  handle  of  tlie  screw.  The  dis- 
parity between  these  lengths  is  often  as  one  hun- 
dred or  more  to  one ;  hence  the  prodigious  ef. 
tecta  which  a  screw  enables  a  small  force  to  pro- 
duce. , . 

Screws  are  much  used  in  presses  of  all  kinds ;  , 
as  for  squeezing  oil  and  juices  from  the  different  , 
kinds  and  parts  of  vegetables  which  contain  them — . 
Unseed,  rapeseed,  almonds,  apples,  grapes,  sugar- 
cane, &c.  &c. ; — in  the  cotton  press,  which  re- 
duces a  great  spongy  bale,  of  which  a  few,  com. 
paratively,  would  fill  a  ship,  to  a  compact  package, 
heavy  enough  to  sink  in  water ; — a  screw  presses 
the  paper  against  the  types  in  the  common  printing 
press  ; — it  is  the  great  agent,  also,  in  the  coining 
machinery  at  our  mints — and  in  letter-copying 
machines ; — it  is  a  screw  which  draws  the  iron 
jaws  of  a  smith's  vice  together. 

Ami  as  a  screw  can  easily  he  made  with  a  hun- 
dred turns  of  its  tlu^ead  in  the  space  of  an  inch,  and 
at  perfectly  equal  distances  from  each  other,  it 
enables  the  mathematical  instrument- maker  to 
mark  divisions  on  Ms  work,  with  a  minuteness  and 
accuracy  quite  extraordinary.  For  suppose  such  i 
a  screw  to  be  pulling  a  plate  of  metal  forward, 
over  which  there  is  a  steel  marker  with  a  very  sharp 
point,  that  moves  up  and  down  quite  perpen- 
dicularly, this  may  be  let  down  once  for  every  turn 
of  the  screw,  and  would  make  just  as  many  marks 
on  the  plate  as  there  were  threads  on  the  screw  ; 
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but  it  may  be  made  to  mark  at  every  hundredth  m^ 
thousandth  of  a  turn  of  the  screw,  and  will  do  it 
with  equal  accuracy.     Such  a  machine  is  made  to 
draw  a  hundred  thousand  lines  in  one  inch. 
-    The  micrometers,  by  which  the  sizes  of  the 
heavenly  bodies  and  of  microscopic  objects  are 
ascertained,  are  moved  by  screws. 
•    A  perpetual  screw  is  where  a  screw  acts  on  the 
teeth  of  a  wheel,  so  as  to  turn  the  wheel  round. 
:   The  screw  is  an  exceedingly  useful  contrivance ; 
yet  the  friction  is  very  great,  and  consumes  a 
good  deal  of  the  force  used. 

A  common  oork-screw  is  the  thread  of  a  screw 
without  the  spindle,  and  is  used,  not  to  connect 
opposing  forces,  but  merely  to  enter  and  fix  itself 
in  the  cork.  There  are  complicated  cork-screws 
now.  i^ade,  some  of  which  draw  ^the  cork  by  Ae 
actidh  of  the  screw^.  and  others  by  a  toothed:  rod 
apd  a;wheel  oir  pinion. 

''The  pulley'' 

:  ^ is  another    simple    mcuchiMs 

-J     ^/'' '"df"     ijy  yf\^xQh    forces     of    difi/ 

ferent    intensities    may   be 

balanced.     A  simple  pulley 

consists  of  a  wheel  aa  a  6^ 

which  rests  with .  il^  grooved 

circumference    of  edge   ott 

.the  bend  of  a  rope,  as.e« 

:  6  flf,  and  ■  to  the  axis  of  which 

the  weight  or  resistance  is 
attaqh^.  AS  skt  <?4 - 

.    .|p  such  ^  \  cojastructidn, .  it  is.  Wdeut ,  that:  dus 
y^}^^\Q'^  it  be;  supposed  te»p0u»d%)is:fiq™^ 
?HIffi<#^^^*>X^^b'end  ofjthe  rope,  a»flf  Hi  man 
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pulling  at  one  end,  only  bears  half  of  it,  or  five 
pounds  ;  but  to  raise  the  weight  one  foot,  he  must 
draw  up  two  feet  of  rope ;  that  is,  with  the  pulley 
he  litis  five  pounds  two  feet,  instead  of  lifting 
ten  pounds  one  foot  without  the  pulley. 

Many  wheels  may  be  combined  togetlier,  ami 
in  many  ways,  to  form  compound  pulUes.     WlioM,  I 
ever  there  is  but  one  rope  running  through  th{»  I 
whole,  as    shewn    here,  the    relatioaJ 
of  power  and  resistance  is  known  by  f 
the    number   of    folds    of    the    ropei 
which    support  the    weight.       Here 
there  are  four  folds,  and  a  power  of 
one  hundred  pounds  would  balance 
a  resistance  of   four  hundred.      To 
persons  using  pullies,  it  is  generally 
■J     ,       more  convenient  to  stand  upon  the 
r^f^  \      ground  than  to  go  up  and  apply  theiu 
I        I  force  tlirectly  to  one  of  -the  support- 

ing ropes  ;  hence  the  last  supporting 
rope  genei'ally  passes  over  a  wheel  above,  and 
comes  down  apart  from  tbe  others,  as  seen 
here.  As  this  portion  is  not  directly  connected 
with  the  weight,  it  adds  nothing  to  flie  power  of 
tlie  pulley. 

^~  g-\  Injured  pulleys,   like   those 

■    A  K  shewn  at  a  and  c,  there  is  no 

jOI  '  mechanical  advantage,  for  tha* 

weight  just  moves  asiast  as  th^ 
power ;  yet  sncli  pullies  are  of 
great  use  tn  changing  the  di- 
rection  of  forces.  A  sailor, 
1  without  moving  from  tlie  deck 
/     of  his  ship,  byjneans  of  such  a 
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pulley,  may  hoist  the  sail  or  the  signal-flag  wit!) 
great  celerity  to  the  top  of  the  loftiest  mast. 
And  in  the  building  of  lofty  edifices,  where  heavy 
loads  of  material  are  to  be  sent  up  every  few 
minutes,  a  horse,  trotting  away  with  the  rope  from 
dy  in  a  level  court-yard,  causes  the  charged  basket 
b  to  ascend  to  the  summit  of  the  building  more 
easily  than  if  he  had  the  power  of  climbing  tibe 
perpendicular  wall  with  it.  '^ 

There  is  a  case,  however,  in  which  a  fix^d 
pulley  may  become  a  balancer  of  different  degrees 
of  force ;  and  it  is  where  one  end  of  a  rope  being 
fixed  to  a  man's  body,  the  other  is  carried  over 
a  pulley  above,  and  brought  down  again  to  his 
hands :  for  safety  this  end  also  should  be  attached 
to  his  body.  By  pulling  then  with  force  equal  to 
half  his  weight,  he  supports  himself,  and  may  very 
easily  raise  himself  to  the  puDey.  A  man.  by  a 
pulley  thus  attached,  may  let  himself  down  into 
a  deep  well,  or  from  the  brow  of  a  clifl^  with  as- 
surance of  being  able  easily  to  return,  although 
no  one  be  there  to  help  him;  and  cases  have 
oflen  occurred  where  a  fellow.creature*s  life  mi^t 
have  been  saved,  or  other  important  object  at- 
tained, by  such  means.  How  easily,  by  such  a 
means,  might  persons  ascend  to  or  escape  from  the 
elevated  windows  of  a  house  on  fire !  and  how 
easily  might  the  pulley  be  found  and  carried  where 
ladders  were  not  to  be  obtained ! — Such  a  pulley 
liirmshes  an  easy  means  of  taking  a  bath  without 
assistance,  from  a  ship's  stem  windows. 

The  chief  use  of  the  pulley  is  on  ship-board  ; 
it  is  thefe  called  a  block*    It  serves  for  overcoming 
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the  heavy  strains  of  raising  tlie  anchor,  hoisting 
the  sails  and  masts,  &c.,  and  by  means  of  it  fewer 
sailors  are  rendered  equal  to  the  duties  of  the 
ship.  But  it  is  also  used  on  shore,  instead  of 
cranes  and  capstans,  for  lifting  weights,  and  over- 
coming other  resistances. 

Surgeons,  in  former  days,  when  they  trusted 
rather  to  force  tlian  to  the  address  which  better 
information  gives,  used  pullies  much  to  help  in 
the  reduction  of  luxations,  and  often  without  un- 
derstanding the  force  of  the  pulley.  A  man  who 
should  now  ignorantly  stretch  his  patient  on  the 
rack,  would  be  well  requited  by  similar  treatment. 

The  cranks  of  common  bell-wires,  in  the  cor- 
ners of  our  roomsj  are  equivalent  to  fixed  pullies. 

It  is  difficult  to  assign  a  reason  why  the  appel- 
lation of  mechanical  power  should  have  been  con- 
fined to  the  six  contrivances  now  explained,  for 
the  following  ones  equally  deserve  it,  and,  as  will 
be  seen  under  hydrostatics  and  pneumatics,  the 
moat  powerful  engines  of  the  kind  do  not  belong 
to  solids  at  all. 

Engine  of  oblique  action,  is  a  name  that  may 
include  a  considerable  variety  of  contrivances 
which  connect  different  velocities. 

Suppose  c  a  and  c  b  to  repre- 
sent two  strong  rods,  connected 
together  by  a  hinge  or  joint  at  c, 
like  a  carpenter's  ruler.  If  the 
distant  ends  be  made  to  bear 
against  two  obstacles,  at  a  and  b, 
and  then,  by  force  applied  to  c. 


16« 


MKCHAXICS. 


the  joint  c  be  straightened  6t  cartied  towards  d^ 
the  joint  c  will  move  tlirougli  a  much  greater  space^ 
ibsin  the  simultaneous  increase  of  distance  between 
a  and  b  ;  and^  in  proportion  to  this  disparity,  the^ 
power  applied  at  c  may  be  less  intense  than  the 
resistances  to  be  overcome  at  the  extremities. 
The  mechanical  power  of  this  contrivance  in- 
creases rapidly^  the  nearer  the  jointed  rods  ar^ 
to  being  straight. 

.  If  "^e  suppose  the  end  a  to  be  steadied  by  9 
hinge  on  frame-work,  and  the  end  b  to  bear  upon 
that  part  of  a  printing-press  which  )parii$.$  the 
paper  against  ihe  tjrpes,  we  h^ve  repr^eHted 
a  simple  and  excellent  press,.  Called  the  Russel 
press*  A  man's  force  at  d  )>ecome[S  equivalent  tQ 
a  pressure  of  many  tons,  at  the  moment  when  the 
rods  are  drawn  nearly  to  a  straight  line.  This 
form  is  now  preferred  by  some  to  the  screw-press^ 
as  being  simpler  and  cheaper.  ^ 

'  For  the  same  reason7  that  by  urging  r  towards 
rf,  in  the  last  figure,  the  extremities  a  and  b  are 
separated  with  great  power,  so  by  urging  c  in  the 
contrary  direction,  the  extremities  would  be  drawn 
together  with  equal  power:  and  if  we  suppose 
acb  to  he  2i  rope,  to  oiie  end  of  which  beyond 
a  block  at  «,  great  resistance  is  attached,  one  matr, 
by  pulling  at  c,  may  move  such  weight  or  resist^ 
ance,  although  many  times  greater  than  he  could 
move  by  his  direct  power. 

The  followng  is  another  mode  of  connecting 
an  oblique  and  a  direct  force,  so  as  to  balance 
them,  although  of  different  intensities. 
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If  to  turn  a  wheel  a  e  d,  A 
weight  be  suspended  from  d,  it  i 
acting  directly,  for  it  descendftfl 

jo;  just  as  fast  as  the  circuniferenciif 

of  the  wheel  moves,  and  wouldj 
tlierefore  be  acting  with  its  whole  J 
strengtli :    but  if    it    were  sus-  T 
pended  from  tlie  point  e,  it  wouldi  i 
be  acting  obliquely,  and  wouLdlJ 
not  descend  so  fast  as  a  weighf  1 
at  d,  and  would  have  as  much  less  effect  c 
wheel  than  such  weight  as  the  line  c  6  is  less  than"! 
the  line  d  c.     The  reason  of  this  will  be  under*  J 
stood  by  reierring  to  the  subject  of  resolution  q 
forces,  in  a  tbrmer  part  of  the  work.     And  for  thtt  \ 
same  reason,  if  such  a  wheel  were  used  for  lifting  ] 
weights,  a  man  could  lift  as  much  more  with  ifc  1 
at  the  point  e  tiian  he  could  at  the  point  d,  as  thf  I 
line  de  is  longer  than  e  b.     A  man  turning  thif  ] 
wheel  in  the  direction  from  e  to  a,  with  a  weighil  [ 
hanging  at  e,  woidd  be  hftiiig  the  weight  exactljf  J 
as  if  he  were  rolHng  it  up  the  inclmed  pla^e  at  J 
curve  e  a,   instead  of  lifting  directly  from  6  to  d. 
This  figure  is  useful  also  in  explaining  the  varying 
intensity  of  the  action  of  a  crank  or  winch,  and 
of  the  combination  of  levers  used  in  the  Stanftopa  , 
prmling  press f  the  strength  and  support  afforded  I 
by  oblique  stays  and  railers  in  buildings  and  ii^ 
ships'  rigging,  and  many  other  kindred  matters. 

The  arrangement  of  cross*  ' 
jointed    wires,     represented  ; 
here,  connects  different  vet  " 
locities,     and    therefore    't/f 
really    a    mechanic     power,  f 


It  has  been  applied  to  some  curious  purposes,  but 
to  none  of  much  utihty.  By  pressing  the  ends 
a  and  b  towards  each  other,  tlie  upper  figure  is 
immediately  converted  into  the  lower,  and  the 
end  c  darts  outwards  much  farther  than  a  and  b 
approximate. 

Different  intensities  of  force  are  balanced, 
although  not  simultaneously,  by  the  following 
means,  which  therefore,  according  to  the  old 
idea,  would  also  merit  tlie  name  of  mechanic 
powers. 

A  man  may  have  something  to  effect,  wMch  a 
forcible  push  would  accomplish  :  but  not  having 
tlie  means  of  pushing  directly  with  sufficient 
strength,  he  may  employ  a  certain  time  in  carry- 
ing a  weight  to  such  an  elevation  above  his  work, 
as  that  when  it  is  let  fall,  it  may  do  what  is  required. 
Here  the  continued  effort  of  the  man  in  lifting 
tlie  weight,  to  a  height  of  perhaps  thirty  feet, 
may  be  just  sufficient  to  produce  a  blow  which 
will  cause  a  stake  or  pile  to  sink  into  the  earth  one 
inch  ;  and  the  contrivance  has  therefore  balanced 
forces,  which  are  to  each  other  in  intensity  as 
thirty  feet  to  an  inch. 

Hence  also,  hammers,  clubs,  battering  rams, 
— are  all  machines  which  enable  a  continued  mo- 
derate eflbrt,  to  overcome  a  momentary  great 
resistance.     The  sling  belongs  to  the  same  class. 

The  fly  wheel,  which  by  persona  ignorant  of 
natural  philosopiiy  has  often  been  accounted  a 
positive  power,  merely  equalizes  in  common 
cases  the  effect  of  an  irregular  force.  In 
using   a   wincli   to  turn  a  mill,    for    instance,    a 
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man  does  not  act  with  equal  force  all  round  the 
circle,  but  a  lieavy  wheel  attached  to  the  axis 
receives  momenttim,  while  his  action  is  above  par, 
and  gives  it  again  wliile  it  is  below  par,  and  tluis 
equalizes  the  movement.  And  in  every  circular 
motion  produced  by  a  crank,  as  in  moving  a 
turning  lathe  or  grindstone  or  spinning-wheel 
with  the  foot,  the  force  is  only  applied  during  a 
small  part  of  the  revolution,  or  in  the  form  of 
interrupted  pushes,  yet  the  motion  goes  on  steadily, 
because  the  grindstone  or  wheel  or  lathe  becomes 
a  fly  and  reservoir,  equalizing  the  effect  of  the  force. 
In  the  steam  engine  which  moves  machinery  by  a 
crank,  the  push  up  and  tlie  push  down  of  the 
piston,  by  means  of  a  heavy  fly,  are  converted 
into  a  very  steady  rotatory  motion. 

A  heavy  wheel  has  sometimes  been  used  as  a 
concentrator  of  force  and  a  mechanic  power. 
By  means  of  a  winch  or  a  weight  or  otherwise,  ■ 
motion  or  momentum  is  gradually  increased  and 
accumulated  in  the  wheel,  and  is  then  made  to 
expend  itself  in  some  instantaneous  and  propor-  ■' 
tionally  great  effect.  i 

Thus  a  man  lifts  a  very  heavy  weight,  by  having  i 
a  fly  wheel  over  it.  He  first  gives  motion  to  the  ' 
wheel  by  turning  a  winch  for  a  certain  number 
of  seconds,  and  then  hooks  a  rope  from  the  ' 
weight  to  its  axle  ;  the  wheel,  continuing  to  turn, 
winds  this  rope  round  its  axle,  and  lifts  the  heavy  ' 
weight.  * 

A  fly  wheel  moved  in  the  same  manner,  and  i 
containing  the  result  of  perhaps   one  hundred 
seconds,  of  a  man's  action,  is  made  to  impel  a 
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screw  and  with  one  blow  or  punch  to  stamp  a 
perfect  medal,  or  to  form  a  spoon  from  a  rou^ 
flat  plate  of  silver. 

A  spring  in  the  same  way  m^y  becmne  a  me- 
chanical power.  A  man  may  expend  some  minutes 
in  bending  a  strong  one,  which  is  afterwards  to 
exert  its  energy  in  an  instantaneous  blow.  A  gun* 
lock  shews  this  on  a  small  scale.  The  slow 
bending  of  a  bow,  which  is  afterwards  to  throw 
the  arrow  with  such  velocity,  is  another  instance. 

These  are  the  means  of  balancing  forces  of  dif- 
ferent intensities,  which  the  solid  state  of  bodies 
aflbrds  us.  We  shall  find  other  mechanic  powers 
belonging  to  liquids  and  airs.  They  are  all  of 
inestimable  value  to  man,  by  enabling  him  to  ac- 
commodate the  forces  which  he  can  command  to 
any  kind  of  work  which  he  has  to  perform.  Thus 
his  millstone  is  made  to  turn  with  the  same  ve- 
locity, whether  it  be  moved  by  the  slow  exertion 
of  a  horse  or  bullock  walking  in  a  ring,  or  by  the 
quicker  motion  of  the  river  gliding  under  the 
wheel,  or  by  the  rapid  gush  and  cascade  from  the 
mill-dam,  or  even  by  the  invisible  swiftness  of  the 
wind.  And  again,  each  of  these  forces  may  be 
applied  to  turn  the  heavy  millstone  or  to  twist  a 
cotton  thread. 

The  wants  of  men  seem  first  to  have  led  them 
to  use  the  simple  machines  for  the  purposes  of 
raising  great  weights,  or  overcoming  great  re- 
sistances, and  hence  they  were  long  called  the 
mechanic  powers,  particularly  the  lever,  wheel 
and  axle,  plane,  wedge,  screw,  and  pulley :    but 
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the  term  conveys  to  the  uninformed,  a  false  idea 
of  their  real  nature,  and  has  begotten  tlie  com- 
mon  prejudice  with  respect  to  them,  that  they 
save  labour,  Now  so  far  is  this  notion  from  being 
true,  that  in  using  these  machines  to  help  in  any 
case,  there  is  even  more  labour  or  bodily  exertion 
expended  than  there  would  be  without  them ;  for 
in  addition  to  the  work  to  be  done,  the  friction 
of  the  machine  must  be  overcome. 

One  man  may  be  able,  with  a  tackle  of  pullies 
having  ten  plies  of  the  rope,  to  raise  a  weight 
which  it  would  require  ten  men  to  raise  at  once 
without  pullies.  But  if  the  weight  is  to  be  raised 
a  yard,  the  ten  men  will  raise  it,  by  pulling  at  a 
single  rope  and  walking  one  yard,  while  the  single 
man  at  his  tackle  must  walk  until  he  has  shortened 
the  ten  plies  of  rope  of  one  yard  each  ;  that  is, 
he  must  walk  ten  yards,  or  ten  times  as  far  as  the 
ten  men  did.  In  both  cases,  therefore,  we  have  just 
the  same  quantity  of  man's  work  used,  to  accom- 
plish the  same  end,  in  the  one  case  performed  by 
ten  men  in  one  minute,  in  the  otlier  by  one  man 
in  ten  minutes;  and  if  the  work  continues  longer, 
let  us  say  a  whole  day  for  the  ten  men,  it  will  last 
ten  days  for  the  single  man,  and  there  will  be  just 
ten  days'  wages  of  a  man  to  pay  in  both  cases : 
there  is,  therefore,  no  saving  of  labour  from 
using  the  pullies,  but  a  loss,  because  of  the  fric- 
tion. Now  exactly  the  same  is  true  of  all  other 
machines ;  none  of  them  save  labour,  but  they 
allow  a  small  force  to  take  its  time  to  produce  any 
requisite  magnitude  of  effect. 
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The  real  advantages  then  of  these  machines  are 
such  as  the  following : 

That  a  man's  effort,  or  any  single  power  which 
is  always  at  command,  by  working  proportionally 
longer,  will  answer  the  purpose  of  the  sudden 
effi>rt  of  many  men,  even  of  hundreds  or  thou- 
sands, whom  it  might  be  most  inconvenient  and 
expensive)  or  even  impossible,  to  bring  together^ 

A  small  ship's  company  weighs  the  anchor  by 
means  of  the  capstan. 

A  solitary  workman,  witli  his  screw  or  other 
engine,  can  press  a  sheet  of  paper  against  the 
typ^  so  as  to  take  off  a  clear  impression ;  yet  to  do 
this,  without  the  press,  the  push  of  fifty  men  would 
tfe  insufficient;  and  these  fifty  men  would  be 
idle  and  superfluous  except  just  at  the  instants  c^ 
pressing,  which  recur  only  now  and  then.  In  this 
:Yf^y•  the  screw  may  be  said  to  do  the  work  of 
^y  men,  for  it  is  as  useful  here. 

.  A  man  with  a  crow-bar  may  move  a  great  log 
of  wood  to  a  convenient  place  in  the  manufactory, 
which  it  would  have  required  twenty  men  to  move 
'  without  the  crow-bar ;  and  although  the  single 
man  takes  twenty  minutes  perhaps  to  do  what  Ae 
many  men  would  have  done  in  one  minute,  as  the 
twenty  might  not  have  been  wanted  again  for  the 
re^t  of  the  day,  the  crow-bar  is  really  here  nearly 
as  useful  as  twenty  men. 

It  is  so  important  to  have  correct  notions  pn 
the  subject  of  the  simple  machines  or  mechanical 
powers,  that  more  time  has  been  allotted  to  it 
than  to  some  may  seem  due.  After  the  examina- 
tion  which  it  has   now   undergone,  the  author 
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that  none  of  liis  readers  would  hare  diffi- 

aity  in  exposing   immediately  any  fallacy  con- 

isected  with  it ; — of  supposing,  for  instance,  that 

a  great  pendulum,  or  a  spring-plank,  or  a  heavy 

wheel,   &c.  can    ever  exert  more  force  than  has 

K -passed  into  it  from  some  source  of  motion. 

'  Bt/  solid  connecting  parts,  also,   the  direction  qf 
any  eaAsthig   inotion  or  farce   may  be  changed. 
"Hence  the  endless  variety  (^' Comflicated  M^i- 
■  CHINES."     (Read  the  analysis  at  page  IO7.) 

It  is  this  power  of  changing  the  direction  oi' 
motion,  joined  with  the  power  of  adjusting  inten- 
sities of  force  by  the  simple  macMnes  last  described, 
which  lias  enabled  man  to  make  complicated 
machines,  almost  rivalling  in  their  performance 
the  work  of  human  hands.  It  would  be  eiidlcss  to 
attempt  the  enumeration  of  all  the  modes  in 
which  the  direction  of  motions  may  thus  be 
changed,  for  it  would  be  to  enumerate  and  de- 
scribe the  whole  apparatus  of  the  arts  and  sciences, 
but  we  shall  advert  to  a  few  as  specimens. 

Straight  motion  into  rotatory. — The  straight  mo- 
tion of  wind  or  water  becomes  rotatory  in  wind  or 

water- wlieels The  straight>dowuward  pressuie  of 

tile  human  foot,  acting  at  intervals  on  a  treadle  and 
crank,  turns  round  the  grindstone,  and  turner's 
lathe,  and  spinning-wheel. — The  alternate  rising 
and  falling  of  a  steam-engine  piston,  also  by  a 
crank,  turns  the  great  fly-wheel  and  prime  axle 
of  motion. 

Rotatory  motion  into  straight — An  axle  in  turn- 
ing winds  up  a  rope,  and  lifts  a  weight  in  a  straight 
m3 
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line. — ^A  crank  on  a  turning  axle,  being  fixed  to  • 
pump-rod,  works  the  pump  up  and  down,  or  works 
a  saw. — Pallets  or  teeth  on  a  turning- wli^el  act  on 
the  handle  of  a  great  forge  hammer,  and  every 
tooth  produces  a  blow. 

We  need  not  multiply  instances.  By  a  visit  to 
the  great  manufacturing  towns,  or,  indeed,  by  sim- 
ply directing  the  eyes  to  what  is  passing  around,  in 
any  part  of  the  civilized  world,  we  discover  miracles, 
of  mechanic  art  We  see  machines  driven  by 
wind  and  water  for  grinding  com ;— machines  for 
sawing  wood  and  giving  it  various  fcwrms ; — ^ma- 
chines in  which  rods  of  metal  are  seized  between 
great  rollers,  and  are  flattened  at  once  into  thin 
plates,  as  readily  as  if  they  were  of  clay ; — ^ma- 
chines for  slitting  these  plates  into  bars  or  rib- 
bons ;— spinnmg  machines,  which  perform  their 
useful  oflSce  even  more  uniformly  than  human 
hands  could  do,  and  form  thousands  of  threads 
at  once  through  the  operation  of  a  single 
steam  engine ; — ^weaving  machines,  which  accom- 
plish even  their  difficult  task  with  singular  per- 
fection ; — ^paper  machinery,  which  takes  worn  out 
and  apparently  useless  remnants  of  our  apparel, 
and  converts  them  into  the  uniform  and  beautiful 
texture  of  paper,  a  texture  that,  with  the  assistance 
of  the  pen,  or  types,  or  engraved  plate,  becomes 
a  magic  conservatory  of  mind,  shutting  up  among 
its  folds  the  brightest  effiisions  of  genius,  and 
ready  at  every  instant  to  disclose  them  to  thcf 
inquiring  student,  nothing  changed  after  thou- 
sands of  years ; — coining  machinery,  which  divides 
and  stamps  thousands  of  beautiful  medals  in  an 
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hour,  and  keeps  an  exact  record  of  its  work  ; — 
cranes, — pile  engines, — turning  lathes, — time- 
pieces,— all  the  implements  of  agriculture,  of  mi- 
ning, of  navigation,  &c.  &c.  If  Aristotle  deemed 
the  title  or  definition  oi' tool-using  animal  the  proper 
one  for  man  two  thousand  years  ago,  what  title 
should  be  given  now  ? 

In  many  of  the  complicated  machines,  several 
of  the  simple  ones  are  found  as  elements ;  and 
in  the  same  machine  may  be  comprized  many  of 
the  means  of  changing  the  direction  of  motion. 

■  J.) 
"  Friction"     (Read  the  analysis, page  1O70    ■* 

In  estimating  the  effects  of  all  these  mechanical 
contrivances,  according  to  the  rule  laid  down 
of  the  comparative  velocities  of  the  power  and 
resistance,  there  is  an  Important  correction  to 
be  made,  on  account  of  the  friction  or  rubbing 
of  the  moving  parts  on  each  other.  In  the 
steam  engine,  where  the  rubbing  parts  are  nu- 
merous, the  loss  of  power  from  friction  amounts 
to  one-third  of  the  whole. 

Impediment  from  friction  seems  to  be  owing  to 
two  causes  :  Ist,  to  a  degree  of  cohesion  between 
the  touching  substances;  'id,  to  the  real  roughness 
of  the  rubbing  suriaccs,  liow  smooth  soever  they 
may  appear  to  the  naked  eye. 

And  it  is  supposed  to  be,  because  in  pieces  of 
the  same  substance  the  roughnesses,  or  little  pro- 
jections and  cavities,  mutually  fit  each  other, 
as  the  teeth  of  similar  saws  would,  that  the 
friction  is  greater  between  such,  than  betu-een 
M  4- 
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different  mibstanceis  which  being  of  diwimilar 
grain,  may  be  supposed  not  to  fit  or  touch  m 
completely* 

The  friction  of  a  piece  of  iron,  wood,  brick, 
stone,  &a  rubbing  on  another  piece  of  the  same 
substance,  has  been  measured  by  laying  it  upon 
an  inclined  plane  of  that  substance,  and  gra- 
dually lifting  one  end  of  the  plane,  until  the  lump 
began  to  slide,*— the  inclination  of  the  plane^  just 
before  the  sliding,  is  called  the  angle  of  repose. 

It  is  this  angle  in  the  different  substances  con« 
cemed,  which  determines  the  form  of  hills  of 
sand,  gravel,  earth,  &c.  of  the  sides  of  canals, 
the  banks  of  rivers,  &c. 

And  if  the  thread  of  a  screw  winds  round  the 
spindle  with  a  less  angle  than  this,  the  screw  can 
never  slip  or  slide  by  force  acting  against  its  point. 

But  for  friction,  a  man  in  walking  on  the 
ground  or  pavement  would  always  be  as  if  walk- 
ing on  ice;  and  our  rivers,  that  now  flow  so 
calmly,  would  all  be  frightful  torrents. 

When  it  is  an  object  to  diminish  friction  between 
rubbing  surfaces,  the  following  means  ar^  used, 
either  singly  or  in  combination  according  to  cir- 
cumstances. 

1.  Making  the  rubbing  surfaces  smooth,  but 
witliin  certain  limits,  for,  when  too  smooth,  they 
approach  so  near  that  a  degree  of  cohesion  takes 
place. 

S.  Using  substances  of  different  nature  to  rub  on 
each  other :  axles  are  made  of  steel,  for  instance, 
and  the  parts  on  which  they  bear  are  made  of 
brass;   in  small  machines,   as  time-keepers,  the 
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t  axles  often  turn  in  agate  or  diamond.    The 
swiilness  of  a  skaiter  depends  much  on  the  great  *i 
dissimilarity  between  steel  and  ice :  and  it  illus-  \ 
tiates  the  same  law. 

3.  Intei-posing  some  substance  between  the  I 
rubbing  parts,  as  oils  for  metals ;  soap,  grease,  , 
black-lead,  &c.  for  wood. 

4.  Diminisliing  the  touching  surfaces,  as  in ' 
making  a  small  axis  to  a  wheel. 

5.  Using  wheels,  as  in  wheel  carriages,  instead  "j 
of  dragging  a  load  along  the  ground.  Castors  oil  ' 
household  furniture  are  miniature  wheels. 

6.  Using  what  are  called  friction  wheels :  these  'l 

^  still  farther  diminish  the  frictioil  * 

even  of  a  smooth  axis,  by  allowing  ' 
it  to  rest  on  tlieir  circumferences^  , 
wliich  turn  with  it.    a  represents  *| 
the  end  of  an  axis,  and  b  and  c 
two  friction  wheels,  on  which  it  rests. 

7.  Placing  the  thing  to  be  moved  on  rollers  on  I 
balls,  as  when  a  log  of  wood  is  drawn  along  upon  1 
rounded  pieces  of  wood  as  rollers ;  or  when 
cannon,  with  a  circular  base  to  its  caiTiage,  tums  J 
round  by  rolHng  on  cannon  balls  laid  on  a  hard  4 
level  circular  bed.  In  these  two  cases  there  is  J 
hardly  any  friction,  and  the  resistance  is  merely  t 
from  the  obstacles  which  the  rollers  may  have  toJ 
pass  over. 

Of  all  rubbing  parts  the  joints  of  animals  ar^J 
tliose  which  have  the  least  friction,  considering! 
the  strengtii,  frequency,  and  rapidity  of  theiilJ 
movements.  We  study  and  admire  the  perfection  I 
found  in  them,  without  being  able  very  closely  ] 
to  imitate  it. 
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Wheel  carriages  iUustrate  many  of  the  C]rciu»^ 
stances  connected  with  friction,  and  moreover  poisk 
sess  qualities  which  all  may  find  it  useful  to  knoWf 
as  appertaining  to  the  most  common  of  our  bmU 
chines. 

Wheel  carriages  have  three  advantages  over  the 
sledges,  for  which  they  are  the  substitutes : 

!•  The  rubbing,  instead  of  being  between  an 
iron  shoe  and  every  stone  and  irregularily  on  tile 
road,  is  between  the  axle  and  its  bush,  which 
have  surfaces  smoothed  and  fitted  to  each  other,' 
and  well  lubricated. 

2.  While  the  carriage  has  moved  forward,  per- 
haps fifteen  feet,  by  one  revolution  of  its  wheel, 
the  axle  has  only  rubbed  or  passed  over  four  or 
six  inches  of  the  internal  surface  of  its  smooth 
greased  bush. 

S.  Any  abrupt  obstacle  on  the  road  is  passed 
over  by  the  wheel,  so  as  to  cause  the  asde  to 
describe  a  gently  rising  slope  pr  curve,  as  shewn 

in  the  figure 
where  a  re- 
presents ao 
obstacle  on 
the  road,  and 
the  curve  tfi 
c  is  the  path 
of  the  axte 
in  surmounting  it.  Here  the  wheel  seems  to 
be  rising  upon  an  inclined  plane,  and  giving  die 
drawing  animal  the  relief  which  such  a  plame 
brings.  This  advantage  is  always  proportioned  to 
the  greater  size  of  the  wheel,  for  the  smallest  wl^eel 
d  rises  in  the  steeper  curve  from  rf,  to  surmount 
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B  mze  of  obstacle.  The  two  curves  trora 
c  and  d  shew  the  true  paths  of  the  axles  of  the 
carriage,  and  the  two  lines  c  e  and  d  f  shew  the 
directions  of  their  commencements. 

From  these  three  causes,  the  difference  in  per- 
forming tlie  same  journey  of  a  mile,  by  a  sledge 
and  by  a  wheel  carriage  would  be,  that  while 
the  first  rubbed  over  every  roughness  found  in  the 
mile,  and  were  jolted  by  every  irregularity,  the 
rubbing  part  of  the  latter,  the  axle,  would  very 
slowly  slide  over  only  twenty  or  thirty  yards  of  a 
smooth  oiled  surface,  in  a  gently  waving  line.  It 
is  ascertained  that  the  resistance  is  thus  reduced 
to  l-lOOth  of  what  it  would  be  in  a  sledge. 

On  hUly  roads,  in  descending,  it  is  common  to  ■ 
lock  or  fix  one  of  the  wheels  ;  yet  it  is  seen  that 
the  horses  have  then  to  pull  as  much,  as  on  a 
level  road  with  the  wheel  free  ;  shewing  the  effect 
of  a  little  increase  of  friction. 

The  application  of  springs  to-  carriages,  which'* 
is  an  improvement  of  comparatively  recent  date^ 
not   only  renders    them    soft   vehicles  on  rough 
roads,  but  much  lessens  the  pull  to  the  horses^ 
When  there  is  no  spring,  the  whole  load  must 
rise  with  every  rising  of  the  road,  and  must  sink 
with  every  depression,  and  the  depression  costs  ' 
as  much  as  the  rising,  because  the  wheel  must  bet  i 
(bawn  up  again  from  the  bottom  of  it;  but  in  a  I 
spring  carriage  moving  rapidly  along,    only  th©  I 
parts  below  the  springs  are  moved  in  correspoiw  I 
dcnce  with  the  irregularities  of  the  road,  while  alf 
abo\^  by  the  inertia  of  the  matter  have  a  sofl  and 
steady  advance.     Hence  the  superiority  of  tliose 
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very  modem  carriages,  furnished  with  what  ate 
called  under  springs j  which  insulate  from  the  effibct 
of  shocks,  all  the  parts,  excepting  only  the  wheels 
and  axle-trees  themselves.  When  only  Ae  body 
of  the  carriage  is  on  springs,  as  was  the  fashion 
until  lately,  the  horses  have  still  to  rattle  the 
heavy  frame-work  below  over  all  irregularities, 
and  the  wheels  require  to  be  of  much  greater 
strength  to  bear  the  consequent  shocks.  .    , 

The  wheel  of  a  carriage,  simple  as  it  appears 
to  us  now,  from  our  extreme  familiarity  with  it,  is 
a  thing  of  very  nice  workmanship,  and  which  has 
exercised  much  ingenuity.  It  acquires  astonishing 
strength,  indeed  that  of  the  arch,  from  what  i« 

called  its  dished  form,  seen  in 
the  wheel  c  as  contrasted  with 
a ;  and  that  form  is  farther  use^ 
fill  in  this,  that  when  the  car- 
w^fiT"  riage  is  on  an  inclined  road,  and 
•more  of  the  weight  therefore 
falls  upon  the  wheel  on  the  lower  side,  the 
under  spokes  of  that  wheel  become  nearly  per- 
pendicular, and  thereby  support  the  increased 
weight  more  safely. 

The  subject  of  wheel  carriages  is  interesting  to 
medical  men,  because  it  often  occurs  to  them  to 
have  to  direct  in  transporting  the  sick  or  wound- 
ed. And  many  a  medical  man  practising  in  an 
extensive  district,  or  in  a  large  town,  is  indebted 
to  a  well-constructed  carriage  for  two  or  three 
valuable  hours  in  every  day  employed  in  reading 
or  writing,  as  he  is  carried  from  place  to  place. 
It  is  perhaps  difficult  to  conceive  any  thing 
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more    elegant  and    perfect    in    all    parts,    than 
the    carriages    of  niodeni     refinement ;    and  it  - 
is    no  wonder  that    a    man,  who  contrasts  them 
gUding  swiftly    along  the    prepared    levels    and  - 
slopes  of  our  modern  landscapes,  with  the  awk> 
ward  vehicles  and  bad   roads  of  former   times,  ■ 
should  imagine  that  absolute  perfection  had  at - 
last   been    attained.      Yet,   we  are  perhaps   now  il 
on  the  eve  of  a  farther  change,  wliich  for  genersd  ^ 
purposes  will  be  of  much  greater  importance  than  i 
all  that  iias  as  yet   been    achieved, — vis.  by  the  «! 
general   adoption  of  rail-roads,  and  of  carriages  ■- 
to  suit  them.     It  has  long  been  known  that  it  costs  a 
more  force  to  drag  a  loaded  waggon  up  oue  incoo-.^ 
fiiderable    hiU,    than    to    send  it  thirty   or   forty! 
miles  along  a  level  rail-road,  but  until  lately  this.  4 
knowledge  has  scarcely  been  acted  upon.     To  per^  i 
sons  conversant  with  political  economy,  it  would  i 
be  quite  superfluous  to  speak  of  the  advantages  af^ 
any  greater  facility  of  intercourse,  but  to  those  who  -i 
arc  not,  the  following  reflections  maybe  interesting. '( 
In  reviewing  the  history  of  the  human  race,  we  ^ 
find  every  remarkable  increase  in  civilization    t®  4 
have  taken  place  very  much  in  proportion  to  the  * 
facilities  of  intercourse  enjoyed  in  particular  siti^'d 
ations  :  first,  therefore,  civilization  grew  along  the  ■ 
banks  of  great  rivers,  as  the  Nile,  the  Euphrates,  i 
and  the  Ganges ;  or  along  the  shores  of  inland-^ 
seas  and  archipelagos,  as  in  the  Mediterranean  4 
and  the  numerous  islands   of  Greece ;    or  oveefl 
fertile  and  extended  plains,  as  in  many  parts  of « 
India.     The  reason  is  obvious.     When  tiie  situa-  ^ 
lion  thus  binds  a  number  of  individuals  into  one 
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body,  the  useful  thought  or  action  of  any  one  un- 
usually gifted,  and  which  in  the  insulated  state 
would  soon  be  forgotten  and  lost,  extends  its 
influence  immediately  to  the  whole  body,  smd 
becomes  the  thought  or  action  of  every  one  under 
the  same  circumstances :  it  is  recorded  for  ever, 
as  part  of  the  growing  science  or  art  of  the  com- 
munity. And  in  a  numerous  society,  such  uselul 
thoughts  and  acts  are  more  frequent,  because 
an  emulation  arises  in  all  the  pursuits  that 
can  contribute  to  the  wdl-being  of  the  society, 
from  each  individual  feding  that  he  has  f^ 
eyes  of  a  multitude  upon  him,  and  that  the  re- 
wards of  excellence  wiU  be  proportionally  grtBL 
Men  soon  learn  to  estimate  aright  these  and 
many  other  advantages  of  easy  intercourse :  aiad 
after  having  seized  with  avidity  all  the  star 
tio»s  peculiarly  fitted  by  nature  for  tlieir  pur- 
poses, they  b^n  to  make  new  stations  themselves, 
and  to  improve  upon  the  old :  they  create  rivers 
and  shcM^s  and  plains  of  their  own,  that  is,  they 
construct  canals  and  basins  and  roads,  and  thus 
connect  districts  which  nature  seemed  to  have  se- 
parated for  ever.  In  the  British  isles,  whose  &- 
voured  children  have  so  proudly  taken  the  lead 
in  shewing  the  prodigies  which  wise  p<^cy 
mayefifect,  the  advantages  arising  from  certam 
lines  of  canal  and  road  first  executed,  so<m  led  to 
numberless  similar  enterprises,  and  within  half  a 
century  the  empire  has  become  intersected  in 
all  directions:  but  it  seems  as  if  the  noble  work 
were  yet  to  be  crowned  bv  what  will  eclipse  all 
that  has  yet  been  done,  viz.  by  the  substitution 
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common  roads  and  canals.  Several  rail-ways  of 
considerable  extent  have  already  been  eatabhshed, 
and  although  they  and  the  carriages  upon  them 
are  far  from  having  th«i  perfection  which  phi- 
losophy says  they  will  easily  admit,  the  results 
have  been  most  satisfactory.  If  we  suppose  the 
price  of  transporting  things  and  persons  from 
pkce  to  place  reduced  by  them  to  a  fourth  of  the 
present  charge — and  in  many  cases  it  will  be  much 
less — and  if  we  suppose  the  time  of  journeying 
with  safety,  reduced  in  some  corresponding  de- 
gree, and  of  this  there  is  as  little  doubt — 
the  general  introduction  of  such  means  of 
transport  would  effect  a  greater  revolution  and 
improvement  in  the  state  of  society,  than  perhaps 
any  other  single  circumstance  that  can  be  men- 
tioned. Without  in  reaUty  changing  the  distances 
of  places,  it  would  have  the  efiect  of  bringing 
all  parts  nearer  to  each  other,  and  would  give  to 
the  whole  kingdom  the  conveniencies  of  both 
town  and  country.  In  any  one  part,  a  man  might 
consider  himself  as  very  near  to  any  other  part,  tor 
at  the  expense  of  as  httle  time  and  money  as  he  now 
spends  to  go  a  short  distance,  he  might  go  a  long 
one.  The  over-crowded  and  unhealthy  parts  of 
towns  would  immediately  scatter  their  inhabitants 
to  the  country ;  for  a  man,  with  such  cheap  and 
speedy  conveyance  at  liis  command,  would  be  as 
near  his  business,  although  living  several  miles  oft^ 
as  he  is  now  in  an  adjoining  street.  A  man 
living  in  the  remote  mountains  might  consider  the 
ocean  as  only  beyond  the  nearest  hill,  for  he  would 
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only  have  to  wish  it,  and  he  would  be  there.  In 
like  manner,  the  inhabitant  (^  the  coast,  for  a  very 
small  sacrifice,  might  visit  the  counties  of  the  in- 
terior. The  present  heavy  charges  for  bringing 
produce  to  market  from  great  distances  being  thus 
nearly  saved,  the  bujrer  every  where  would  pur- 
chase cheaper,  and  the  producer  would  still  be 
better  remunerated.  In  a  word,  such  a  chan^ 
would  arise  as  if  the  whole  of  Britain  had  been 
compressed  by  magic  into  a  circle  of  a  few  miles 
in  diameter,  yet  without  any  single  part  losing  tiie 
least  of  its  magnitude  or  beauties ;  and  the  sea 
would  be  but  a  little  way  south  of  the  metropolis, 
and  Edinburgh  but  a  little  way  north,  and  the 
mountains  of  Wales  but  a  little  way  to  the  west. 
This  appears  visionary :  but  it  is  less  so  than  it 
would  have  been,  seventy  years  ago,  to  anticipate 
what  has  now  come  to  pass,  that  the  common  time 
of  travelling  from  London  to  Edinburgh  would  be 
forty-six  hours.  At  the  opening  of  the  rail-road 
near  Darlington  last  year,  a  train  of  loaded  cas^ 
riages  was  dragged  along  by  one  little  steam  en- 
gine, a  distance  of  twenty-five  miles  within  two 
hours:  in  some  parts  of  the  journey  the  speed 
was  more  than  twenty  miles  an  hour.  The  whoje 
load  was  nearly  equal  to  a  regiment  of  soldiers, 
and  the  coal  expended  was  under  the  value  of 
a  crown.  An  Island  with  such  roads  would  be 
an  impregnable  fortress ;  for  in  less  time  thsfn 
an  enemy  would  require  to  disembark  on  any  part 
of  the  coast,  the  forces  of  the  country  might  be 
concentrated  to  defend  it. 
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*•  Strength  depends  on  magnitude,  form,  and  posU 
tion,  as  well  as  on  the  natural  cohesion  in  the  ma- 
■  teriaL"     (Read  the  analysis,  page  lOy.^ 

,,The  details  connected  with  tliis  branch  of  the 
subject  belong  to  the  practical  engineer,  but 
there  are  some  general  truths  that  should  be 
familiar  to  every  body. 

\st.  Of  similar  bodies  the  largest  is  proportionally 
the  weakest. 

Suppose  two  blocks  of  stone 
left  projecting  from  a  rock  that 
has  been  Iiewii,  of  which  blocks 
one,  as  d,  is  twice  as  long  and 
U  deep  and  broad  as  the  otlier  b. 
The  larger  one  d,  will  by  no 
means  bear  as  much  more 
weight  attached  to  its  end 
than  the  small  one,  as  it  in 
larger,  and  for  two  reasons. 
Ist.  In  the  longer  block,  any  portion  of  the 
surface  of  attachment  at  c,  in  bearing  the  block 
itself,  has  to  support  twice  the  extent  of  projection 
that  any  equal  surface  of  attachment  has  to  sup- 
port in  the  shorter  block  at  a  ;  and  Sdly,  both  the 
additional  substance,  and  any  thing  appended  at 
the  outer  extremity  of  the  larger  block,  are  acting 
with  a  double  lever  advantage  to  break  it,  or  to 
destroy  the  cohesion  at  c.  Hence  it  is  that  if  any 
such  projection  be  carried  out  very  far,  it  breaks 
off  or  falls  by  its  own  weight  alone.  We  may 
consider  each  particle  in  the  surface  at  which  the 
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block  and  rock  join,  to  be  supporting  by  its 
cohesion  all  the  particles  directly  outside  of  it  or 
beyond  it ;  and  of  course  as  the  length  of  the 
block  is  increased,  each  particle  at  the  junction 
has  more  to  do,  and  at  last  more  than  it  can  do. 
That  a  large  body  therefore,  may  have  propor- 
tionate strength  to  a  smaller,  it  must  be  made  still 
thicker  and  more  clumsy  than  it  is  longer ;  and 
beyond  a  certain  limit  no  proportions  whatever 
will  keep  it  together,  in  opposition  to  the  force 
of  its  own  weight. 

This  great  truth  Umits  the  size  and  modifies  the 
shape  of  most  productions  of  nature  and  of  art; 
— of  hills,  trees,  animals,  architectural  or  me- 
•    chanicai  structures. 

HiUs.  Very  strong  or  cohesive  material  may 
receive  the  form  of  hills  of  sublime  elevation,  with 
very  projecting  cUffa  and  very  lofty  perpendicular 
precipices  ;  and  such  are  seen  accordingly  where 
the  hard  granite  is  the  material,  as  in  the  Andes  of 
America,  the  Alps  of  Europe,  the  Himalayas  of 
Asia,  and  the  Mountains  of  the  Moon  in  Central 
Africa.  But  rocks  of  inferior  strengtli  can  neither 
support  much  perpendicular  elevation,  nor  much 
projection  of  cliiF. 

Even  in  granite,  which  is  the  strongest  of  rocks, 
I  there  is  a  limit  to  these  particulars ;  and  if  any 
\  ^vation    or    cliff  more    remarkable   than   now 
f  remains  on  earth,  were  by  any  chance  to  be  pro- 
duced again,  the  law  which  we  are  considering 
would    prune   the   monstrosity.     The  grotesque 
figures  of  rocks  and  moimtains  seen  in  the  paint- 
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iiigs  of  the  Chinese,  and  expressing  tlieir  notions 
of  perfect  sublimity  and  beauty,  are  caricatures 
of  nature,  which  never  could  exist  in  reality. 
Some  of  the  smaller  islands  in  the  Eastern  Ocean, 
however,  and  some  of  the  mountains  of  the  chain 
visible  along  the  coasts  of  Borneo  and  Palawan, 
in  the  voyage  towards  China,  exhibit  perhaps 
the  very  limits  of  poasibihty  in  singular  shapes, 
and  are  so  extraordinary  as  to  give  a  pretext  for 
the  exaggeration.  i 

A  striking  gradation  of  form  is  observable  from 
granite  mountains,  down  to  those  of  chalk  or  gravel 
or  sand,  and  the  geologist  can  generally  tell  the 
substance  of  which  a  hill  is  composed,  by  observing 
the  peculiarities  of  its  shape. 

By  the  unceasing  action  of  winds,  and  rain, 
and  currents,  and  frost,  upon  the  mineral  masses 
around  us,  there  is  a  frequent  undermining  and 
wasting  of  supports,  and  every  now  and  then 
immense  rocks,  and  almost  hills,  are  torn  from  the 
station  which  they  have  held  ever  since  the  earth 
received  its  present  form,  and  fall  in  obedience  to 
the  law  now  explained. 

The  size  qf  vegetables  of  course  is  obedient  to  ■ 
the  same  law,  and  hence  we  have  no  trees  reaching 
a  height  oS  three  hundred  feet,  even  when  perfectly 
perpendicular,  and  in  the  forests  which  have  been 
unmolested  from  the  beginning  of  time.  And 
oblique  or  horizontal  branches  are  kept  within 
very  narrow  limits,  by  the  strength  required  to 
support  them.  What  a  difference  is  there  be- 
tween the  deUcate  and  slender  proportions  of  a 
young  oak  or  elm,  or  beech,  while  yet  in  the 
N  2 
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nursery,  and  its  sturdy  form  when  it  has  stood  for 
centuries,  and  has  become  the  monarch  of  the 
park  or  forest 

Animals  furnish  other  interesting  illustrations  of 
this  law. 

How  massive  and  clumsy  are  the  limbs  of  the 
elephant,  the  rhinoceros,  the  heavy  ox,  comparisd 
widi  the  slender  forms  of  the  stag,  antelope,  and 
greyhound !  And  unless  the  bones  were  made  of 
stronger  material  than  now,  an  animal  much 
larger  than  the  elephant  would  fall  to  pieces  from 
internal  weakness.  Many  have  doubted  whether 
the  mammoth,  or  antediluvian  elephant,  could 
have  lived  on  dry  land,  or  whether  he  must 
have  been  amphibious,  that  his  great  body  might 
be  generally  borne  up  by  water.  The  wh^le  is 
the  largest  of  animals,  but  it  feels  not  its  mighty 
weight,  from  its  lying  constantly  in  the  liquid 
support  of  the  ocean. 

TTie  giants  of  the  heathen  mythology  could  not 
have  existed  upon  this  earth,  for  the  reason  which 
we  are  now  considering.  On  our  moon  such 
creatures  might  be,  because  there  gravity  is  so 
much  less,  on  account  of  her  smaller  size :  and 
in  the  planet  Jupiter,  which  is  many  times 
larger  than  the  earth,  an  ordinary  man  from  hence 
would  be  carrying  in  the  simple  weight  of  his 
body,  a  load  sufficient  to  crush  and  break  the  legs 
which  supported  him.  The  phrase,  a  littk  com- 
pact marif  expresses  the  fact  that  such  a  one  is 
stronger  in  proportion  to  his  size  than  a  taller  man. 

The  same  law  limits  the  size  or  height  of 
houses. 
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It!  those  offourteen  stories,  lately  burned  under 
the  castle  of  Edinburgh,  there  was  danger  of  the 
superincumbent  wall  cruslung  the  foundation. 

Roofs.  Westminster  Hall,  in  London,  nearly 
reaches  the  limit  of  width  possible  without  central 
supports  ;  and  no  dome  coiild  be  made  very  much 
larger  than  those  of  the  churches  of  St.  Peter  at 
Rome,  and  St.  Paul  in  London. 

Arches  of  a  fnidge.  A  stone  arch,  much  larger 
than  those  of  the  magnificent  Strand  bridge  in 
London,  ■would  crash  and  splinter  its  support. 

Skips.  The  ribs  or  timbers  of  a  boat,  twenty-five 
feet  long,  liave  scarcely  one-hundreth  of  the  bulk 
of  those  of  a  ship  two  hundred  and  fifty  feet  long. 
A  ship's  yard  of  ninety  feet  contains  perhaps 
twenty  times  as  much  wood  as  a  yard  of  thirty 
feet,  and  even  then  is  not  so  strong  in  propor- 
tion. And  if  ten  men  may  do  the  work  of  a 
three-hundred -ton  ship,  many  more  than  three 
times  that  number  will  be  required  to  man  a  ship 
three  times  as  large.  Veiy  large  ships,  such  as 
the  two  lately  built  in  Canada,  of  nearly  ten 
thousand  tons  each,  are  weak  from  their  size  atone, 
and  the  loss  of  these  two  first  specimens  will 
haidly  encourage  to  the  building  of  others  like 
them. 

The  strength  of  structures,  as  connected  with  the 
form  and  disposition  of  their  parts,  will  be  un- 
derstood by  considering  tiie  two  cases  oi'  longi- 
tudinal and  transverse  compression  ;  and  it  will 

'  ^eipund.  to  depend  on  causing  the  force  which 

fitr.n       -  '  K  3 
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tends  to  destroy,  to  act  equally  on  the  whole 
resisting  mass,  and  with  as  little  mechanical 
advantage  as  possible. 

In  longitudinal  compres- 
sion, as  produced  by  the 
body  a,  on  the  atoms  of  the 
support  b,  the  weight  can 
only  destroy  the  support,  by 
crushing  it  in  opposition  to 
the  repulsion  and  impenetra- 
bility of  the  atoms;  and  crush- 
ing is  the  most  difBcutt  mode 
^^  of  breaking.  Hence  a  very 
small  pillar,  if  kept  perfectly  straight,  will  sup- 
port a  very  great  weight ;  but  if  the  pillar  begins 
to  bend,  or  if  it  was  crooked  originally,  it  resists 
with  only  part  of  its  strength.  Tlie  reason 
is,  that  by  the  bending  of  the  pillar,  as  in  c  d, 
tlie  whole  weight  above  is  immediately  supported 
on  the  atoms  of  the  concave  side  only,  which, 
therefore,  are  in  double  danger  of  being  over- 
pressed  and  crushed,  while  those  on  the  convex 
side,  separated  from  their  natural  helpmates,  are 
in  the  opposite  danger  of  being  torn  asunder. 
'  Long  pillars  or  supports  are  weaker  than  short 
ones,  because  they  are  more  easily  bent ;  and  they 
are  more  easily  bent  because  a  very  little  and  easily 
effected  yielding  between  each  two  of  many  atoms 
makes  a  considerable  bend  :  while  in  a  very  short 
line  or  pillar  there  can  be  no  bending  without  a 
great  change  in  the  relation  of  the  individual  atoms, 
and  this  cannotbe  effected  without  great  force.  In  a 
long  pillar  the  weight  or  bending  force,  acts  nearly 
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with  the  mechanical  ad- 
Faotage  of  a  lever  half 
the  length  of  a  b,  against 
the  strength  resisting  at 
a  lever  only  half  the 
breadth  of  *?  c;  while  in  a 
short  pillar,  the  strength 
resists  by  a  lever  nearly 
as  long  as  that  of  the 
weight  Any  stay  or 
projection.asaeft,  which 
prevents  bending  thus, 
really  increases  the  strength  of  a  pillar. 

A  column    with  ridges  projecting  from  it,  is 
stronger  than  one  that  is  perfectly  smooth. 

A  hollow  tube  of  tinned  iron  or  copper  is  strong- 
er than  the  same  quantity  of  metal  as  a  solid  wire. 

Cast-iron  pillars  are  generally  made  hollow,  that 
they  may  have  strength  with  as  Kttle  metal  as 


In  the  most  perfect  weighing-beams  for  delicate 
purposes,  that  there  may  be  as  little  weight  as 
possible  with  the  required  atrengtli,  the  arms,  in- 
stead  of  being  solid  metal,  are  formed  into  hollow 
cones,  and  the  metal  is  not  much  thicker  than  paper. 

Masts  and  yards  for  ships  have  been  made  hol- 
low to  obtain  lightness  with  strength. 

In  Nature's  works  we  have  to  admire  many  il- 

L    lustrations  of  the  same  kind. 
The  stems  of  many  vegetables,  are  ribbed  or 
singular  and  fluted,   instead  of  round,  tliat  they 
may  have,  strength. 
N  4 
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They  are  also  hollow,  as  in  corn-stalks,  in  Ae 
elder,  in  the  bamboo  of  tropical  climates,  &c.  that 
tliey  may  be  light  with  their  strength. 

A  person  who  has  been  in  the  countries  ^rficra 
the  bamboo  grows,  can  scarcely  mention  it  without 
thinking  of  the  endless  uses  to  which  its  stnight- 
noss,  lightness,  and  hoUowness  make  it  ap^caUe 
among  the  inhabitants.  As  it  is  found  of  iD 
sizes,  it  has  merely  to  be  cut  into  pieces  of 
the  requisite  lengths,  and  Nature  has  already 
been  the  turner,  and  the  polisher  and  thd 
borer,  &c.  Bamboo  is  the  chief  material  of  their 
dwellings  sind  of  their  curious  cludrs,  couches^ 
bed^  &o.  Their  flutes  and  other  wind  inAra- 
meats  are  the  bamboo  with  holes  bored  at  dfte 
requisite  distances ;  conduits  for  water  are  pipes 
of  ban^boo;  bottles  and  casks  for  preserving 
liquids  are  single  joints  of  larger  bamboo^  cot  off 
witli  their  )>artitions  remaining ;  and  bambob 
split  into  threads  is  twisted  into  rope,  &c.  &c    ^ 

The  hollow  stidB[ie:ss  of  the  quills  of  birds  is 
another  illustration  of  this  class :  also 

The  hcdlow  bones  of  birds :   and 

The  long  bones  of  animals  generally,  whicii 
are  strmg  and  hard  externally,  with  loose  tex- 
ture and  narrow  cefls  within. 

Transverse  Pressure. 

When  a  beam  is  supported  at  its  extremities^  as 

at  a  and  b,  it  bends 

'-■   down  in  the  middle 

by  its   weight,    and 

the  particles  on  the 
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upper  side  are  compressed,   while  the  parts  belowt 
are  distended ;    and  the  bending  and    tendencjs  1 
to  break  are  greater,  according  as  the  beam  isL 
longer  and  its  thickness  or  depth  less.  A  I 

The  tendency  to  break-  in  a  beam  bo  situatedfj 
is  known  by  conaidering  the  destroying  force  as  ] 
acting  by  tiie  long  lever  from  o  or  6  to  the  centi'^ 
and  the  resisting  strengfli  as  acting  only  by  this  I 
short  lever  from  d  to  the  centre  ;  while  only  a  little  -i 
of  the  substance  of  the  beam  on  the  under  aide  i 
allowed  to  resist  at  all.     This  last  circumstance  i 
so  remarkable,  that  the  scratch  of  a  pin  on  thrf'j 
under  side  of  a  plank  resting  on  its  ends,    witt-j 
sometimes  suffice  to  begin  the  fracture.  >>|  ] 

Because  the  resisting  lever  is  small  in  propoit 
tion  as  the  beam  is  thinner,  a  plank  bends  and  ' 
breaks  sooner  than  a  beam,  and  a  beam  resting  on 
its  edge  bears  more  than  if  resting  on  its  sidei'  I 
Where  a  single  plank  or  beam  cannot  be  found  , 
deep    enough    to    have    the    strength    required| 
several  are  joined  together,  and  in  a  great  variety 
of  ways,  as  is  seen  in  house-rafters,  &c. 

T/ie  arched  Jbrm  bears  transverse  pressure  i 
admirably,  because  it  allows  tlie  pressure  to  act  j 
only  so  as  to  compress  all  the  atoms  or  parts  it-] 
once,  and  in  the  same  degree. 

By  comparing  this  figure  witfi  the  last,  we  see 
at  once  that  here 
the  atoms  on  the 
under  side  must  be 
compressed,  as  well 
a«  those  on  the  upper,  and  cannot  therefore  be 
torn,   or  overcome  separately.    The  whole  resists 
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like  a  perfectly  straight  pillar  under  a  weight,  and 
is  just  as  strong. 

To  adapt  the  curve  to  the  size  of  the  arch  and 
to  the  nature  of  the  material,  requires  a  perfect 
acquaintance  with  measures,  &c. 

An  error,  which  has  several  times  been  com- 
mitted  by  bridge-builders,  is  neglecting  to  con« 
aider  the  effect  of  tlie  horizontal  thrust  of  the 
arch  on  the  piers.  Each  arch  is  an  engine  of 
oblique  force  (see  page  l6l),  pusiiing  the  piei 
away  from  it.  In  one  instance,  an  arch  of  » 
bridge  fell,  and  immediately  the  adjoining  piers 
were  pushed  down  towards  it  by  the  thrust,  no 
longer  balanced,  of  the  arches  beyond  them  ;  and 
the  other  arches  followed  like  those  of  a  bridge 
built  of  cards,  when  the  first  is  pulled  down. 

It  is  not  known  at  what  time  the  arch  was  inv 
vented,  but  it  was  in  comparatively  modern  times. 
The  hint  may  have  been  taken  from  nature,  for 
there  are  some  instances  in  alpine  countries  of 
natural  stone  arches,  where  rocks  have  fallen  be- 
tween rocks,  and  have  there  been  arrested  and 
suspended.  Nothing  can  surpass  the  strength 
and  beauty  of  some  modern  stone  bridges ;  such 
as  that  from  the  Strand  in  London,  of  nine 
arches,  all  of  granite,  and  each  stretching  one  hun- 
dred and  fifty  feet. 

Iron  bridges  have  been  made  with  arches  twice 
as  large  as  those  of  stone,  the  material  being  more 
tenacious,  and  calculated  to  form  a  lighter  whole. 
That  between  the  city  of  London  and  Southwark, 
of  three  fine  arches,  is  a  noble  specimen,  and  com- 
pared with  the  bridges  of  half  a  century  ago  it 
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appears  almost  a  fairy  structure  of  lightness  and 
grace. 

The  great  domes  of  churches,  as  those  of  Stt  1 
Peter's  in  Rome  and  St.  Paul's  in  London,  havd  1 
strength  on  the  same  principle  as  simple  archett  J 
They  require  to-  be  strongly  bound  round  with 
chains  and  iron  bars  at  the  bottom,  to  counteract 
the  horizontal  thrust  of  the  superstructure. 

The  Gothic  arch  is  a  pointed  arch,  and  calcu- 
lated to  bear  the  chief  weight  on  its  summit  or 
key-stone.  Its  use,  therefore,  is  not  properly  to 
span  rivers  as  a  bridge,  but  to  enter  into  the  com- 
position of  varied  pieces  of  architecture.  With 
what  efiect  it  does  this,  is  seen  in  the  truly  sublime 
Gotilic  structures  which  still  adorn  so  many  parts 
of  Europe. 

The  foUowing  are  other  instances  of  strength 
from  the  arched  form  : — a  thin  watch-glass  bears 
a  very  hard  push  ; — a  dished  or  arched  wheel  for 
a  carriage  is  many  times  stronger  to  bear  all  kinds 
of  shocks  than  a  perfectly  flat  one  ; — a  full  ca^ 
falls  with  impunity,  where  a  strong  square  box  is 
dashed  to  pieces  ; — a  very  thin  globular  flask  of 
glass  may  be  corked  and  sent  down  many  fathoms 
into  the  sea,  and  will  resist  the  pressure  of  the  water 
around  it,  while  a  square  bottle,  with  sides  of 
almost  any  thickness,  is  broken  to  pieces. 

We  have  an  animal  illustration  of  the  arched 
form,  giving  strength,  in  the  cranium  or  skull 
of  animals,  and  particularly  in  that  of  man.  The 
brain  required  the  most  perfect  security,  and  by 
the  arched  form  of  skull  this  has  been  given 
with  little  weight.     The  common  egg-shell  is  an- 
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otlier  example :  wliat  liai'd  blows  of  the  spooiv 
or  knil'e  are  often  required  to  penetrate  this 
wonderful  defence  which  has  been  provided  for 
the  yet  dormant  life ! — how  weak  the  same  sub- 
stance would  be  without  tlie  arched  form  we 
see  in  a  scale  irom  a  piece  of  freestone,  which 
so  readily  crumbles  between  the  fingers. 

The  whole  business  of  determining  the  best 
forms  of  beams  and  joists,  for  particular  purposes, 
of  arches,  and  domes,  &c.  is  tiie  business  of 
strict  calculation,  and  belongs  therefore  to  the 
study  of  the  measures. 

It  was  a  beautiful  problem  of  this  kind,  which 
Mr.  Smeaton,  the  English  engineer,  solved  so 
perfectly,  in  tlie  construction  of  the  far-famed 
Eddystone  hghthouse.  He  had  to  determine  the 
form  and  dimensions  of  a  building,  which  should 
stand  firm  on  a  sunken  rock  in  the  channel  of  a 
swift  ocean  tide,  and  exposed  to  the  fury  of  tem- 
pests from  every  quarter.  Only  the  man  who  ha^ 
himself  been  driven  before  the  irresistible  storm 
in  tlie  darkness  of  niglit,  and  in  the  midst  of  dan- 
gers, and  whose  eyes  have  watched  the  steady  ray 
from  the  lighthouse  which  saved  him,  can  appre- 
ciate  fully  the  importance  of  the  studies  which 
bring  such  useful  results  ;  and  he  feels  how  happy 
he  is  to  liave  fellow  men,  whose  talents,  although 
exerted  perhaps  for  individual  good,  are  yet  by 
God's  providence  made  to  accomplish  the  most 
philanthropic  ends,  and  to  bind  the  whole  of 
human  kind  into  one  great  society  of  helping 
brotherhood. 
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Mechanism  of  ike  Human  SJicleton.  'r  ■^-' 
Having  now  completed  our  study  of  general 
mechanics,  with  the  light  thence  derived,  we  shall 
proceed  to  examine  that  most  interesting  illustra- 
tion of  many  of  the  truths  which  have  been  ex- 
plained— the  soUd  frame  of  the  human  body — a 
perfect  work  of  an  unerring  Engineer  ! 

There  is  scarcely  a  part  of  the  animal  body,  or 
an  action  which  it  performs,  or  an  accident 
that  can  befal  it,  or  a  piece  of  professional 
assistance  which  can  be  given  to  it,  that  does 
not  fui'nish  illustratio:i  of  some  truth  of  natural 
philosophy ;  but  were  we  here  to  enter  into  great 
detail,  we  should  be  giving  minute  lectures  on 
anatomy,  and  physiology,  and  surgery,  and  me- 
dicine, instead  of  explaining  general  laws.  We 
shall  therefore  only  touch  upon  as  many  particulars 
as  will  make  the  understanding  of  all  tlie  others 
perfectly  easy ;  taking  care  to  include  among 
our  illustrations,  those  matters  of  importance 
which  would  be  most  likely  to  escape  the  notice 
of  a  hasty  student. 

The  crajuum  or  skull  was  already  mentioned  as 
an  instance  of  the  arched  form  answeruig  the 
purpose  of  giving  strength.  The  brain,  in  its 
nature,  is  so  tender  and  susceptible  of  injury,  that 
slight  local  pressure  disturbs  its  action.  Hence  a 
solid  covering  like  the  skull  was  required,  with 
those  points  made  stronger  and  thicker  which 
needed  greater  strength  to  repel  probable  injuries. 
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An  architectural  dome  is  constructed  to  resist  one 
kind  of  force  only,  and  in  one  direction,  viz.  gra- 
vity ;  and  therefore  its  strength  increases  regularly 
towards  the  bottom,  where  the  weight  and  hori- 
zontal thrust  of  the  whole  are  to  be  resisted ;  but  in 
the  skull  the  case  is  very  different :  the  tenacity  of 
its  substance  is  a  hundred  times  more  than  sufficient 
to  resist  gravity,  and  is  calculated  to  resist  forces 
of  other  kinds  and  in  all  directions.  When  we  re- 
flect on  the  strength  displayed  by  tlie  chalky  film 
of  the  egg-shell,  owing  to  its  arched  form,  we 
need  not  wonder  at  tlie  severity  of  blows  which 
the  cranium  can  witlistand. 

In  the  early  fetal  state,  that  which  afterwards 
becomes  the  strong  bony  case  of  the  brain,  exists 
only  as  a  tough  flexible  membrane.  Ossification 
commences  in  this  membrane,  long  before  birth, 
at  a  certain  number  of  points  and  the  poitiona  of 
the  skull  formed  around  the  different  points  soon 
acquire  the  appearance  of  so  many  scales  or  ahells 
appHed  on  the  surface  of  the  brain,  and  held  to- 
gether by  the  remaining  membrane  not  yet  ossi- 
fied. During  parturition,  these  portions  or  scales 
overlap  at  their  edges,  so  as  most  usefully  to  di- 
minish the  size,  and  to  change  tlie  form  of  the 
head.  They  afterwards  become  firmly  fixed  to- 
^  gether,  by  projections  of  bone  from  each,  shooting 
in  among  similar  projections  in  the  adjoining 
ones,  until  they  all  mutually  cohere  by  perfect 
dove-tailed  joints,  like  the  work  of  a  carpenter. 
These  joints  are  called  the  sutures  of  the  cranium, 
and  are  visible  to  extreme  old  age.  During  early 
chiidhood,  the  cranimu  is  still  to  a  certain  degree 
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yielding  and  elastic,  and  the  faUs  and  blows  so 
frequent  during  the  lessons  of  walking  and  acting 
are  borae  with  impunity.  The  mature  skull  con- 
sists of  two  layers  or  tables,  with  a  soft  diploe  be- 
tween them  ;  the  outer  table  is  very  tough,  and 
well  calculated  to  resist  blows,  with  its  parti 
dove-taiJed  into  each  other  as  tough  wood  would 
be  by  human  artificers :  the  inner  table  is  harder 
and  more  brittle,  and  its  edges  merely  he  in  con- 
tact, because  its  brittlenesB  would  render  dove* 
tailing  useless. 

A  very  severe  partial  blow  on  the  skull  gene 
rally  fractures  and  depresses  the  part,  as  a  pistol- 
bullet  would :  while  one  less  severe,  but  with 
more  extended  contact,  being  slowly  resisted' 
by  the  arched  form,  often  injures  tlie  skull  by 
what  is  synonimous  with  the  horizontal  thrust  in  a 
bridge,  and  causes  a  crack  at  a  distance  from  the- 
place  struck,  sometimes  even  on  the  opposite  side, 

Mr.  C.  Bell,  in  various  parts  of  his  works,  has 
made  remarks  on  the  mechanism  of  the  cranium^ 
which  well  deserve  attention. 

In  the  lower  Jaw  we  have  to  remark  the  greater 
mechanical  advantage,  or  lever  power,  with  which 
the  muscles  act,  than  in  most  other  parts  c^ 
animals.  The  temporal  and  masseter  muscles  puU 
almost  directly,  or  at  right  angles  to  the  line  of . 
tJie  jaw,  wjiile  in  moat  other  cases,-  as  in  tliat  of  ■ 
the  deltoid  muscle  lifting  tlie  arm,  tlie  muscles  act 
very  obliquely,  and  with  intensity  diminished  in  pro. 
portion  tothe  obliquity.  An  object  placed  between 
the  back  teeth  is  compressed  witli  the  whole  direct 
power  of  the  strong  muscles  of  the  jaw.     Hence 
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tlie  human  jaw  can  crush  a  body  that  resists  with 
great  force,  and  the  jaws  of  the  lion,  tiger,  sharks 
and  crocodile,  &c.  are  much  stronger  still. 

The  teeth  rank  Itigh  aniong  those  parts  of 
the  animal  body,  which  appear  almost  as  if 
they  were  the  fruits  of  distinct  miraculous 
agencies — so  difficult  is  it  to  suppose  a  few  simple 
laws  of  life  capable  of  producing  the  variety 
and  yet  perfect  adaptation  of  parts  which  they 
exhibit.  Tbey  form  an  extraordinary  set  of 
chissels  and  wedges  for  cutting  and  tearing  the 
ibod,  so  arranged  as  to  be  most  efficient  in  their 
operations,  and  with  an  exterior  enamel,  so  hard, 
that  in  early  states  of  society,  teeth  were  used 
where  steel  is  now.  It  seems  as  if  the  laws  of  life, 
astonishing  as  they  are,  had  still  been  inadequate 
to  cause  teeth,  with  their  hard  enamel,  to  grow  as 
softer  bone  grows  ;  and  hence  has  arisen  a  provisiori 
perhaps  more  extraordinary  still — a  set  of  small 
teeth  appear  soon  after  birth,  and  serve  the  child 
until  six  or  seven  years  of  age :  these  then  fail, 
out,  and  are  replaced  by  larger  ones,  which  last  fot 
life,  and  the  number  is  completed  only  when  the 
man  or  woman  is  full-grown,  by  four  more  teeth, 
which  rise  to  fill  up  completely  the  now  spaciouS' 
jaw.     These  last  are  called  wisdom  teeth. 

Tlie  spine  or  hack-bone  has  as  much  of  beautiftA 
and  varied  mechanism  in  it  as  any  single  part  of 
our  wonderful  frame.  It  is  the  central  pillar  of 
support  or  great  connecting  chain  of  all  the  othef 
parts ;  and  it  has,  at  the  saine  time,  the  office  of 
containing  within  itself,  and  of  protecting  irom  ex-* 
tenial  injury,  a  prolongation  of  the  brainy  calledt 
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the  spinal  marrow,  more  important  to  animal 
life  than  the  greater  part  of  the  brain  itseU^ 
We  shall  see  it  uniting  the  apparent  incompati- 
bilities of  great  elasticity,  gi'eat  flexibility  in  all 
tUrections,  and  of  great  strength  both  to  support 
a  load  and  to  defend  its  important  contents. 

EkisHcitif. — The  liead  rests  on  the  elastic  co- 
lumn of  the  spine,  as  the  body  of  a  carriage  rests 
upon  its  springs ;  for  between  each  two  of  the 
twenty-i'our  vertebrte  or  distinct  bones  of  which 
the  spine  consists,  there  is  a  soft  perfectly  elastic 
inlervericlyral  substance,  about  half  as  bulky  as  the 
vertebra,  and  yielding  readily  to  any  sudden  jar. 
The  spine,  moreover,  if  viewed  sideways,  is  seen 
to  be  waved  or  bent  a  little  Uke  an  italic  yi  and 
lor  this  reason  also,  yields  to  any  sudden  motion 
of  the  body.  This  bending  might  seem  a  defect 
in  a  column  intended  to  support  weight,  but  the 
disposition  of  the  muscles  about  it  just  counteracts 
so  as  to  leave  tlie  elasticity  of  the  bend,  and  a 
roomy  thorax,  without  any  diminution  of  strength. 

Flej'ibiUty The  spine  is  like  a  chain,  because  it 

consists  of  twenty-four  distinct  pieces,  all  joined 
by  smooth  rubbing  surfaces,  and  allowing  a  de- 
gree of  motion  ni  all  directions.  A  little  motion 
comparatively  between  each  two  pieces  becomes  a 
great  extent  of  motion  in  the  whole  spine,  and  the 
articulating  surfaces  are  so  many,  and  so  exactly 
fitted  to  each  other,  and  connected  by  such 
number  and  strength  of  hgaments,  that  the  com- 
bination is  really  a  stronger  column  than  a  single 
bone  of  the  same  size  would  have  been. 
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The  strength  of  the  ^ine  as  a  whole,  is  shewn 
in  a  man's  easily  canyi^g  upon  his  heada  wei^t 
heavier  than  himself.  And  a  single  vertebra  is  seen 
to  be  a  strong  trr  pillar  ring,  or  double  arch,  having 
a  smooth  imdde,  for  the  spinal  marrow  to  rest  in* 

We  have  to  remark,  that  the  spine  increases  in 
size  towards  the  bottom,  in  the  justest  proportion, 
as  it  has  more  weight  to  bear. 

Considering  the  great  number  of  parts  forming 
the  spine,  and  their  so  delicate  mutual  adaptatuM^ 
one  might  suppose  that  injuries  and  diseases  of 
the  structure  would  be  very  frequent.  The  re- 
verse^ however,  is  the  truth  under  ordinary  di^- 
cumstances;  so  that  while  hundreds  and  thou- 
sands of  works  have  been  published  on  the  ailr 
ments  of  almost  all  the  other  parts  of  the  body* 
it  is  only  within  a  few  years  that  spine  affectic^is 
have  drawn  the  attention  of  medical  men  at  alt 
The  reason  of  this  is  twofold :  1st,  that  all  which 
regards  health  and  disease  is  now  much  moie 
completely  analized  than  formerly ;  and  2dly,  thi^t 
from  a  change  recently  introduced  into  the  system 
of  education  for  young  ladies,  a  considerable  pro* 
portion  of  them  have  grown  to  womanhood  with 
weakened  and  crooked  spines. — This  subject  me* 
rits  farther  consideration  here. 

To  the  well-being  of  the  higher  classes  of 
animals,  exercise  of  their  various  parts  ia  as  ne? 
cessary  as  nourishment,  and  if  it  be  withheld  by 
any  cause  durii^  the  period  of  growth,  the  body 
is  often  crippled  permanently..  The  overflow  <rf 
life  and  energy  which  nature  has  given  to  young 


creatures  to  prompt  them  to  useful  exertion,  is 
seen  in  the  ever-changing  occupation  of  a  child^i  i 
in  the  quick  succession  of  its  ideas,  in  its  jumping' 
and  skipping  and  using  all  sorts  of  round-about 
action  that  may  expend  muscular  energy,  instead' 
of  seeking,  as  in  after  life,  to  accomplish  its  endft* 
in  the  shortest  ways ;  and  the  same  law  is  illus-' 
trated  among  the  inferior  animals,  by  the  play  (rf'i 
kittens,  puppies,  lambs,  &c. 

Strongly  as  nature  lias  thus  expressed  herself- 
iipon  the  important  subject  of  exercise  among  thfii 
young,  tyrant  fashion,  with  a  usual  perversion  of> 
common  sense,  has  of  late  times,  in  England,'. 
formed  a  school  discipline  for  young  women  of 
the  higher  classes,  wliich  wars  directly  with  nsu.' 
ture's  dictate  i  and  the  consequences  have  been 
such,  that  a  stranger  arriving  here  from  China,! 
might  almost  suppose  it  the  design  to  make" 
crooked  and  weak  spines  by  our  school  disciw 
plme,  as  it  is  tlie  design  in  China  to  make  little^ 
tfeet  by  the  iron  shoe.  The  result  is  the  morw 
striking,  because  the  brothers  of  the  femalir 
victims,  and  who  of  course  have  similar  constitu*^ 
felons,  are  robust,  healthy,  and  well  formed.  A' 
peasant  girl  is  allowed  to  obey  her  natural  feeling' 
when  her  spirits  are  buoyant,  and  at  proper  times-  ' 
may  dance,  and  skip,  and  run,  until  healtliy  exJ 
haustion  ask  that  repose,  which  is  equally  allowed  > 
and  she  thus  grows  up  strong  and  straight:  but 
the  goung  lady  is  receiving  constant  admonitioni 
to  curb  all  propensity  to  such  vulgar  activity,  and 
often,- just  as  she  subdues  nature,  she  receives  the 
praise  of  being  tre/^trerf.    Her  multifarious  studies 


2(R>  AKIMAL    AND 

conie  powerfuUv  iii  aid  of  the  admonitioi],  by  fixing 
her  for  many  hours  every  day  to  sedentaiy  employ- 
ment This  ad(^tion  of  sedentaiy  habits  is  not 
only  hurtful,  by  preventing  the  natural  extent  and. 
>'afiety  of  exercise,  and  thereby  weakening  thei 
whole  body,  but  is  rendered  particularly  injurious 
to  the  back,  by  the  manner  in  which  the  sitting 
is  usually  performed.  It  would  be  accounted 
great  cruelty  to  make  a  delicate  yom^  creature 
stauid  all  day,  because  the  legs  would  tir^ — but 
this  very  cruelty  is  alnK»t  in  constant  openSaa 
s^gainst  the  back,  as  if  backs  could  not  tire  as  wdl 
as  legs.  When  a  girl  is  allowed  to  sit  down  because 
she  fatts  been  long  standing  great  care  is  taken  that 
the  muscles  of  the  back,  which  still  r»nain  in 
action  as  she  sits,  shall  not  be  at  aD  relieved  ;  ftr, 
tram  the  idea  that  it  is  ungracefid  to  loD,  she  is 
eitiher  put  upon  a  stool  which  has  no  back  at  aDL 
or  up^Mi  a  very  narrow  chair  with  a  perpendicular 
back.  The  stool  r^e^^es  li»r  s|»iie  more  tikan  1k% 
chair,  because  it  allows  of  bendii^  in  different 
ways,  so  as  to  rest  the  dilierent  sets  of  muades 
alternately;  but  the  chair  tbrces  her  to  keep 
the  spuie  quite  upright  and  nearly  unmoved. 
The  conseqatmce  sooa  is,  that  being  first  weaken- 
ed generally,  by  sedevitary  habits,  and  the  baek 
being  still  &rther  weakened  by  excessive  & 
tigue,  the  spine  gives  way  in  some  part  and  bend^ 
and  the  curvature  becomes  penuanent.  In  dus 
bfmdin^  l^e  sptne  is  sometimes  partially  to- 
tailed^  so  as  to  shew  trom  behind  that  waiving  pro-^ 
file  wfaick  shoukl  onlv  be  seen  firom  the  side.  At 
otber  times  the  vertebni^  and  intervening  substance 
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merely  become  thinner  on  one  side  from  tlie  con- 
tinued pressure  and  weakness.  Wlien  a  bend  I 
takes  place  in  one  situation,  it  immediately  occai  ] 
sions  an  opposite  bend  above  or  below  it,  to  bring  ] 
the  centre  of  gravity  of  the  upper  parts  directljKl 
over  the  base  again  ;  and  hence  the  curve  become**/ 
double,  like  an  Italic  _y7  'n 

AtTien  the  inclination  of  the  back  has  once  h^^ 
gun,  it  is  very  soon  increased  by  the  means  used  to  J 
cure  it     Strong  stiff  stays  are  put  on,  to  supports 
the  back  as  it  is  said,  hut  which  in  reality,  by 
preventing  those  muscles  from  acting  which  are  \iV^'M 
tended  by  nature  as  the  supports,  cause  them  tS'r 
lose  their  strength,  and  when  the  stays  are  withi-ll 
drawn,  the  body  can    no  longer   support   itselfi'i 
Longer  sittings  in  the  narrow  upright  chair  are^B 
then  recommended,  and  sometimes  the  back  U'ff 
forcibly  stretched  by  pullies,  or  the  patient  is  kepl*1 
all  day  and  night  lying  on  an  inclined  board,  andf'fl 
losing  her  health,  &c.  &c.     The  only  things  for-*" 
gotten  are  to  give  proper  exercise  in  the  air,   aniM 
to  let  the  child  rest  when  she  is  not  taking  sucR^ 
exercise.     The  prejudice  had  at  last  grown  upj* 
that  strong  stays  should  be  put  upon  children  vet^ 
early  to  prevent  the  first  beginnings  of  the  misi^ 
chief,  and  that  a  child  should  always  he  made< 
to  sit  on  the  straight-backed  chair,   or    to  lie  oif 
the  hard  plane :  and  it  is  probable,  that  if  thes^ 
cures  and  preventives  had  been  adopted  as  unil  ' 
versally  ind  strictly  as  many  deemed  them  neces*T 
sary,  we  should  not  have  in  England  a  young  lady  "I 
whose  back  would  be  straight  or  strong  enough  tdi 
hear  the  weight  of  her  shoulders  and  head.     Ii'% 
o  3 
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would  di^ist  us  to  see  the  attempt  made  to 
improve  the  strength  and  shape  oi  a  young  race* 
horse  or  greyhound,  by  binding  tight  qpUnts  or 
stays  round  its  beautiful  young  body,  and  thw 
tying  it  up  in  a  stall ;  but  this  is  the  kind  of  ab* 
surdi^  and  cruelty  so  commonly  practised  in  this 
country  towards  what  may  weU  be  called  the  most 
faultless  of  created  things. 

A  pernicious  prejudice,  with  reqiect  to  tJfM 
curvature  or  distortion  of  the  spine,  long  existed, 
tiz.  that  it  was  a  scrofulous  afiection ;  and  maqgf 
mothers  hid  it  £rom  those  about  them,  and  sought 
remedy  from  quacks  far  from  home.  Indeed 
until  within  a  few  years,  it  was  altogether  the 
province  of  some  irregular  members  of  the  pro- 
fession to  manage  spine  diseases,  and  it  became  to 
them  a  rich  source  of  wealth,  for  many  of  their 
remedies  being  calculated  to  prolong  the  evi^ 
they  did  not  soon  lose  their  patients. 

A  man  of  considerable  note  in  this  class,  latdy 
pronounced  a  case  of  crooked  spine,  which  fell 
into  his  hands,  to  be  a  dislocation  of  the  whole 
middle  part  of  it ;  and  in  the  published  account 
of  the  treatment  which  he  said  had  effected  a 
cure,  he  had  the  folly  to  assert,  that  each  day,  by 
his  various  operations,  he  replaced  one  vertebra 
of  the  number  dislocated,  mitil  at  last  the  whcde 
were  restored.  He  thus  accused  himself  of 
having  torn  each  vertebra  from  those  about  it, 
and  of  treating  a  dislocated  spine  as  that  man 
would  treat  a  dislocated  arm,  who  should  break 
the  bone  into  pieces  of  an  inch,  and  replace 
these  successively,  instead  of  letting  the  whole 
return  as  a  single  piece,  in  the  common  way. 


aiF.DlCAL    MKCHANICH. 


The  practice  in  spine  cases,  however,  lias  now 
fallen  into  the  hands  of  the  informed  profession, 
and  science  having  detected  the  true  causes  of  the 
evil,  its  frequency  is  already  diminished.  It  has 
been  shewn  that  nothing  is  easier  than  to  prevent 
it,  and  that  the  best  cures  are  those  conducted 
on  the  general  principles  of  improving  the  health 
of  the  patient,  and  of  using  exercises  which  di- 
rectly strengthen  the  affected  part. 

Some  might  expect  here  a  long  description  of 
machines  employed  in  the  treatment  of  such  affec- 
tions ;  but  fortunately  the  list  of  the  only  ones 
which  are  useful  or  safe  is  very  short : — a  sofa  to 
rest  upon,  and  choice  of  pleasant  means  of  taking 
exercise  ;  such  as  the  skipping-rope,  shuttlecock, 
dumb-bells,  a  rope-ladder  to  climb,  a  winch  to 
turn,  &c. :  and  sometimes,  where  it  ia  much  de- 
sired that  the  young  lady  should  continue  her 
lessons  of  music  in  a  sitting  attitude,  a  chair  may 
be  used,  having  an  overhanging  canopy  or  crane, 
from  which  straps  descend  to  support  the  head 
and  shoulders,  while  proper  weights,  fixed  to  cords 
from  these  straps,  and  acting  over  pullies,  give  the 
required  support.  The  author  has  had  a  small 
light  crane  of  wood  made,  which  answers  the 
purpose  well,  and  may  be  attached  to  a  common 
chair.  It  would  be  out  of  place  here  to  detail  those 
[Kirticulars  of  constitutional  treatment,  which  so 
usefully  aid  the  effects  of  suitable  exercise. 

The  Bibs. — Attached  to  twelve  vertebrae  in  the 

middle  of  the  back,  are  the  ribs  or  bony  stretchers 

of  the  cavity  of  the  chest,  constituting  a  structure 

which  solves,    in  the  most  perfect    manner,  the 

o4 
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difficult  mechanical  problem  of  making  a  cavity 
witli  solid  exterior,  which  shall  be  capable  of  cU« 
lating  and  contracting  itself.  Each  pair  of  cone* 
sponding  ribs  may  be  considered  as  forming  a 
hoop,  which  hangs  obliquely  down  from  the  place 
of  attachment  behind ;  and  when  the  forepart  of 
aU  the  hoops  is  lifted  by  the  muscles,  the  cavity 
of  the  chest  is  enlarged. 

We  have  to  remark  the  double  connexion  of  tfaiQ 
lib  behind,  first  to  the  body  of  the  vertebra,  and 
then  to  a  process  or  projection  from  it,  thus  e£t 
fecting  a  very  steady  joint,  and  yet  leaving  the 
necessary  freedom  of  motion ;  and  we  see  the  fbrer 
part  of  the  rib  made  of  flexible  cartilage,  so  as  tQ 
allow  the  degree  of  motion  required  there,  without 
the  complexity  of  a  joint,  and  admirably  guarding 
by  its  elasticity,  against  the  effects  of  sudden  blow9 
or  shocks. 

The  muscles  having  their  origin  on  the  ribs  and 
going  to  the  bone  of  the  arm,  afford  us  an  ex- 
ample of  action  and  reaction  being  equal  and  con- 
trary. When  the  ribs  are  fixed,  these  musdet 
move  the  arm ;  and  when  the  arm  is  fixed,  as  by 
resting  on  a  table  or  chair,  the  same  muscles  move 
the  ribs,  as  is  seen  in  fits  of  asthma  and  dyspnea. 

The  human  skeleton,  with  its  naked  ribs,  in  so 
associated  in  the  common  mind  with  ideas  of  death 
and  loss  of  friends  and  all  the  terrors  of  doubtful 
futurity,  that  to  most  persons  it  is  an  object  of 
abhorrence :  but  to  the  philosophic  mind,  which 
rises  superior  to  place  and  time,  the  admirable  ajldl 
evident  adaptation  of  all  the  parts  to  their  pur-v 
poses,  and  parts  which  being  purely  mechani- 
cal are  perfectly  understood,  makes  it  an  object 
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of  the  most  intense  interest,  independently  of  aU' 
professional  considerations.  Such  mechanism  re*^ ' 
veals,  by  intelHgible  signs,  some  of  the  attribute!'  I 
of  the  Creator,  and  a  man  may  be  said  subhmely- 
to  converse  with  Deity,  who  contemplates  and' 
understands  it  aright.  *  • 

The  Shoiilder^oiiit  is  remarkable  for  its  greafrt  1 
extent    of   motion,     combined    still    with   great' 
strength.     The  round  head  of  the  shoulder-bone- 
rests  upon  a  shallow  cavity  in  the  shoulder-bladei' 
that  it  may  turn  freely  in  all  ways ;  and  the  dan- ' 
ger  of  dislocation  from  this  shallowness  is  guarded  Nv 
against  by  two  strong  bony  projections  above  and^l 
behind.     To  increase  the  range  of  motion  here  t&\ 
the  greatest  possible  degree,  the  shoulder-blade  ll 
itselti  which  has  the  socket  of  the  arm  in  it,  slidej('| 
about  upon  the  convex  barrel  of  the  chest,  and*' 
has  its  motion  limited  only  by  a  connexion  with*l 
the  sternum  through  the  clavicle  or  collar-bone. 

The  scapula  or  blade-bone  is  extraordinary  as  all 
illustration  of  all  tlie  rules  for  combining  lightnesEt^ 
with  strength.  It  has  the  strength  of  the  arch  {tt% 
being  a  little  concave,  like  a  dished  wheel  already  4 
described,  and  its  substance  is  chiefly  collected  ic^l 
its  borders  and  spines,  with  thin  plates  betweenj  ' 
as  the  strength  of  a  wheel  is  collected  in  its  rim/ 1| 
and  spokes,  and  nave. 

In  the  bones  of  the  arms,  considered  as  levera/^ 
the  moving  muscles  are  attached  very  near  to  the  ' 
fulcra  and  very  obliquely,  and  working  therefore 
through  so  short  a  distance  comparatively  with 
the  resistances  overcome  at  the  extremities,  they 
require  to  be  of  great  strength.     It  has  been  cal- 
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Ciliated  that  the  musdes  of  the  shoulder-joiirt,  in 
the  exertion  of  lifting  a  man  upon  the  hand,  puU 
with  a  force  of  two  thousand  pounds. 

Notwithstanding  all  the  securities  to  the  shoul* 
der-joint  now  described,  in  the  infinite  variety  of 
twists,  and  falls,  and  accidents  to  which  man  is 
liable  in  the  busy  scene  of  society,  the  joint  is 
frequently  dislocated,  that  is,  the  rounded  head 
o{  the  bone  of  the  arm  slips  from  its  socket,  wilii 
instant  lameness  as  a  consequence. 

In  the  treatment  of  dislocations  and  fractures 
of  the  frame-work  of  the  human  body,  the  sor* 
geon  cannot  avoid  displaying  strikii^ty  either  his 
skill  in  his  profession  or  his  ignorance.  Widi 
what  ease  does  the  displaced  arm  or  thigh-beae 
return  under  the  guidance  of  the  skilful  hand ! 
and  to  what  horrible  and  often  unavailing  torment 
is  the  victim  subjected,  when  in  such  a  case  ig^ 
norance  dares  the  attempt !  It  is  positive  pain  .to 
a  vivid  imagination  to  look  into  the  records  of 
ancient  surgery,  and  to  be  made  present,  aa  H 
were,  to  the  stretching  of  patients,  on  the  rack 
with  pullies  and  powerftd  engines,  to  do  wha£ 
better  information  could  have  so  easily  accom- 
plished without  such  means.  And  would  tiba£ 
the  records  of  modem  times,  were  less  remarkable 
from  the  instances  they  contain  of  individuals  crip- 
pled for  life  by  bad  practice.  Nothing  can  now 
insure  impunity  and  a  quiet  conscience  to  a  prac- 
titioner in  this  branch,  but  a  familiarity  witii  the 
laws  of  mechanical  philosophy,  and  a  perfect 
knowledge  of  anatomy.. 

With  our  present  information  on  these  subjects,. 
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we  are  surprised  at  the  detail  of  tlie  practices  and 
errors  adopted  iu  fanner  times,  and  promulgated 
by  authors  of  the  higliest  credit,  from  ignorance 
of  mechanics.  It  would  hardly  be  believed  that 
Mr.  Pott,  one  of  the  glories  of  English  surgery, 
held  and  taught  that,  in  reducing  a  dislocation  of 
the  shoulder  or  hip,  it  was  useless  to  pull  by  the 
hand  or  foot,  because  the  intervening  joints  pre- 
vented tiie  strain  from  reaching  the  part  desired. 

Some  surgeons,  possessing  a  certain  degree  of 
knowledge  in  mechanics,  but  only  that  degree 
which  is  dangerous,  having  heard  that  the  lever 
was  a  powerful  engine,  have  tried  to  replace  bones 
solely  by  leverage,  as  it  was  called ;  that  is,  a 
man's  dislocated  arm  has  been  placed  over  the  back 
Qf  a  chair  as  a  fulcrum,  or  over  tiie  top  of  a  door, 
and  the  weight  of  the  suffering  body  hanging  to 
it  on  one  side  as  tlie  resistance,  force  has  been 
applied  to  tite  other  side,  enough  sometimes  to 
break  the  bone,  or  to  tear  away  all  the  ligaments 
and  soft  parts  about  the  joint. 

Others,  in  the  same  way,  having  learned  tiie 
etiects  of  the  piUley,  have  wished  to  do  all  by  ir- 
resistible extension,  and  have  torn  muscles  aiul 
ligaments  from  their  attachments. 

It  is  not  the  business  of  this  work  to  enter  into 
a  minute  examination  of  the  accidents  befiilliug 
the  body,  which  require  meclianical  skill  for  tlieii- 
[)ropcr  management,  for  this  would  be  to  de- 
liver a  course  of  practical  surgery :  but  it  is 
wished  to  teach  the  student  those  valuable  ge- 
neral principles,  wliieh  fuinish  constant  direction 
and     solve    most    difficulties.      Possessing    these 
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principles,  and  good  sense,  he  ypjll  often  be  a  more 
effective  minister  of  his  art  than  a  man  full  of 
learned  precedents,  who  wants  them.  To  make 
this  lesson  more  striking  to  his  young  readers^ 
the  author  here  takes  occasion  to  mention  that 
when  he  was  so  young  that  he  could  not  yet  have 
had  much  practical  experience,  he  was  thrown 
into  a  situation  where  a  heavy  medical  chai^ 
devolved  upon  him ;  and  through  accidents  among 
a  numerous  crew  during  an  eventful  voyage,  and 
intercourse  with  the  savage  inhabitants  of  unfre^ 
quented  coasts,  in  twenty-six  months,  he  had  more 
practice  in  dislocations,  fractures,  and  singular 
wounds,  than  falls  to  the  lot  of  many  during  a  long 
life.  It  was  then  that  he  became  fully  aware  of 
the  importance  to  the  medical  man  of  general  phi- 
losophical principles ;  and  that  his  peace  of  mind, 
left  after  the  voyage,  was  much  owing  to  the 
circumstances  which  had  made  him  look  carefullj^ 
at  the  body  through  such  media. 

The  OS  humeri^  or  bone  of  the  upper  arm,  is  not 
cylindrical,  but  like  most  of  the  other  bones  called 
cylindrical,  it  has  ridges  to  give  strength,  on  the 
principle  explained  in  the  chapter  on  strength  of 
materials. 

TJie  elbow  Joint  is  a  correct  hinge,  and  so" 
strongly  secured  that  it  is  rarely  dislocated  without 
fracture. 

TJiefore  arm  consists  of  two  bones  and  a  strong 
membrane  between  them.  Its  great  breadth  from 
this  structure,  serves  thepurpose  of  giving  abundant 
space  for  the  origin  of  the  many  muscles  that  go 
to  move  the  hand  and  fingers :  and  the  very  pe- 
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cultar  connexion  of  the  two  bones,  gives  man  that 
usoi'ul  iaculty  of  turning  the  hand  round,  into 
what  are  called  the  positions  of  pronation  and 
supination. 

The  okl  surgeons,  who  acted  often  by  rules  of 
routine  rather  than  by  reasons,  in  the  accident  of 
fracture  to  one  or  both  bones  of  the  fore  arm, 
often  applied  a  tight  bandage,  which  pulled  the 
bones  close  to  each  other  at  the  fractured  part, 
and  thus  injured  the  shape  and  strengtli  of  tJie 
arm. 

The  urist.  The  many  small  bones  forming  it, 
have  a  signal  effect  in  deadening  to  the  parts 
above  the  shocks  or  blows  which  the  hand  receives. 

Tlie  annular  ligament,  is  a  strong  band  passing 
round  the  joint,  and  keeping  all  the  tendons 
descending  from  the  muscles  above  to  the  fingers, 
close  to  the  joint  It  answers  tlie  purpose  of  so 
many  fixed  pullies  for  directing  the  tendons; 
without  it  they  would  all,  on  action,  start  out  like 
bow  strings,  producing  deformity  and  weakness. 

The  human  hand  is  so  admirable,  from  its 
numerous  mechanical  and  sensitive  capabiUties, 
that  it  was  at  one  time  a  received  opinion,  that 
man's  superior  reason  depended  on  his  possessing 
such  an  instructor  ami  such  a  servant.  It  is  cer- 
tainly true,  that  reason  with  hoofs  instead  of 
fingers,  could  never  have  raised  man  much  above 
the  brutes,  and  probably  could  not  have  secured 
the  continued  existence  oi'  the  species — but  the 
hand  is  no  more  than  a  tit  instrument  of  the 
godlike  mind  which  directs  it. 
-  ■  The  pelvis,  ot  circle  of  bone  on  which  the  spine 
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rests,  and  from  wliicb  the  legs  qpring,  is  a  double 
arciu  The  spine  rests  on  the  os  sacrum  «*  kej- 
stone  of  tiie  upper  arch,  and  the  legs  sujqioit  the 
piers ;  and  to  resist  the  horizontal  thrust  whiA 
tends  to  separate  the  piers,  a  second  arch,  cafled 
the  pubes,  joins  them  below.  The  pelvis  answefs 
many  other  purposes  than  that  of  mere  support. 
The  openii^  through  the  circle  looks  downwards 
and  Inurkwards,  and  the  double  arch  protects  ibe 
uterus  and  ovaries  and  the  excretory  ducts. 

As  if  nature  were  sparing  of  material  and 
weight,  the  pelvis  is  another  instance  of  evident 
eontrivanee  to  combine  strength  with  lightness. 
The  thyroid  hc^e  and  ischiatic  notches  are  merefy 
deficiencies  of  bone  where  solidity  could  not  have 
given  additional  strength. 

TTie  hip  joint  exhibits  the  perfection  of  the  baB 
and  socket  articulation.  It  allows  the  leg  to  mtfve 
round  in  a  circle,  as  well  as  to  have  the  graat 
range  of  backward  and  forward  motion,  observe 
in  the  action  of  walking.  It  is  in  seeing  the 
elastic  tough  smooth  cartilage  which  lines  the 
deep  socket  of  this  joint,  and  the  similar  glistens 
ing  covering  of  the  ball  or  head  of  the  thigh-bone^ 
and  the  lubricating  synovia  poured  into  the  cavity 
by  appropriate  sectetorieSy  and  the  tough  ligla^ 
ments  giving  strength  all  around,  that  one  remarks 
how  far  the  most  perfect  of  man's  works  &ils 
short  of  the  mechanism  of  nature. 

The  thigh-bone  is  remarkable  for  the  projections 
called  trochanters,  to  which  the  moving  muscles 
are  fixed,  and  which  lengthen  considerably  the 
lever  by  which  the  muscles  work.    The  shaft  of 
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the  bone  ia  not  straight,  but  has  a  considerable 
bend  forward  in  its  middle.  .Short-sightedness 
might  suppose  this  a  weakness,  because  the  bone 
is  a  pillar  supporting  a  weight,  but  the  bend  in 
reality  gives  it  the  strengtli  of  tlie  arch,  to  bear 
the  action  of  the  mass  of  muscle  called  fasltiSr 
wliich  lies  upon  its  forepart. 

The  knee  is  a  hinge  joint  of  complicated  struck  1 
ture,  and  claims  the  most  attentive  study  of  thA  1 
surgeon.     The  rubbing  parts  are  flat  and  shallowv-f 
and  therefore  have  Uttle  strength  from  Ibrm  ;  but  J 
the  joint  derives  security  from  the  numerous  and! 
singularly  strong   ligaments    which    surround  it  1 
The  ligaments  on  the  inside  of  the  knees  resemble 
in  two  circumstances,   the  annular  ligaments  of 
joints,  viz.  in  having  a  constant  and  great  strain 
upon  them,  and  yet,  instead  of  yielding,  in  be- 
coming stronger  always  in  proportion  as  the  strain 
increases.     Tiie  line  of  tlie  leg  bends  inwards  a 
little  at  the  knee  in  the  most  perfect  shapes,  and 
in  many  persons  it  does  so  very  much  ;  but  we  do 
not  find  the  bend  to  increase  with  age :  the  legs 
of  many  weakly  in-kneed  chiltlren  become  straight 
by    exercise    alone.      Ttiis   inward  bend    at  the 
middle  joint  of  the  leg,  throwing  a  great  strain  oa. 
the  flexible  ligaments,  gives  an  elasticity  to  thcl 
limb,  which  is  usoi'ul  in  jumping,  running,  &c. 

In  the  knee  there  is  a  singular  provision  of  loose 
cartilages,  which  have  been  called  friction  carti* 
lages,  from  a  supposed  relation  in  their  use  to  fric- 
tion wheels ;  but  tlieir  real  effect  seems  to  be  to 
accommodate  the  ends  of  the  rubbing  bones  to 
each  rtiier  in  the  di&rent  positions  of  the  joint. 


213  ANIMAL   AKD 

Under  the  head  of  pneumatics,  we  shall  find 
that  the  bones  forming  the  knee  are  held  together, 
independently  of  their  ligaments,  by  a  constant 
{pressure  of  the  atmosphere,  amounting  to  upwards 
of  sixty  pounds. 

The  great  muscles  on  the  forepart  of  the  thigh 
are  contracted  into  a  tendon  a  little  above  the 
knee,  and  have  to  pass  over  and  in  front  of  the 
knee  to  reach  the  top  of  the  leg,  where  their  at- 
tachment is.  The  tendon,  in  passing  over,  the 
knee,  becomes  bony,  and  forms  the  patella  or 
knee-pan,  often  called  the  pulley  of  the  knee. 
This  peculiarity  enables  the  muscles  to  act  moie 
advantageously,  by  increasing  the  distance  of  the 
rope  from  the  centre  of  motion ;  and  the  patella 
becomes  also  a  sort  of  shield  or  protection  to  the 
forepart  of  this  important  joint 

The  leg  below  the  knee,  like  the  fore-arm  al* 
ready  described,  has  two  bones.  These  otkr 
spacious  surface  of  origin  for  the  numerous  mui- 
cles  required  for  the  feet,  and  form  a  part  of 
greater  strength  than  the  same  quantity  of  bone 
as  one  shaft  would  have  done.  The  individual 
bones  also  are  angular  instead  of  round,  thus 
having  greater  power  to  resist  blows,  &c. 

The  ancle-joint  is  a  perfect  hinge  of  great 
strength  :  there  is  in  front  of  it  an  annular  liga- 
ment, by  which  the  tendons  passing  downwards 
to  the  foot  and  toes  are  kept  in  their  places.  One 
of  these  tendons  passes  under  the  bony  projection 
of  the  inner  ancle,  in  a  smooth  appropriate  groove 
exactly  as  if  a  little  fixed  pulley  were  there. 

The  heelj  by  projecting  so  fiir  backwards,  is  a 
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long  lever  for  the  strong  muscles  which  form  the 
calf  of  the  leg,  and  terminate  in  the  tendo  achilUa, 
to,  act  by.  These  muscles,  by  drawing  at  the 
heel,  lift  tlie  body,  in  standing  on  the  toes,  in  walk- 
ing, in  dancing,  &c.  In  the  negro  foot  the  heel 
is  so  long  as  to  be  ugly  in  European  estimation ; 
and  its  great  length  rendering  the  effort  of  smaller 
muscles  sufficient  for  the  various  purposes,  the  calf 
of  the  leg  in  the  negro  is  smaller  in  proportion 
than  in  other  races  of  men. 

In  a  graceful  human  step  the  heel   is  always 
raised  befoie  the  foot  is  lifted  from  the  ground,  a 
if  the  foot  were  part  of  a  wheel  rolling  forward 
and  the  weight  of  the  body  lests  for  the  time  ( 
the  fore  part  of  the  foot  and  toes.     The  muaclefrj 
forming  the  calf  of  the   leg  lift  the  heel,  as  just.  J 
described,  by  drawing  at  tlie  tendo  achillis,  andi 
produce  a  bending  of  the  foot  in  a  corresponding  | 
degree.       But    where    strong    wooden    shoes 
used,  or  any  shoe  so  stiff  that  it  will  not  yield  and 
allow  this  bending  of  the  foot,  the  heel  in  wi 
19  not  raised  at  all  until  the  whole  foot  rises  with  it,  J 
so  that  the  muscles  of  the  calf  are  scarcely  used^  J 
and  in    consequence    soon    dwindle  in  size  andtJ 
almost  disappear.     Many  of  the  English  farm  aer- . 
vants  wear  heavy  stiff  shoes,    and   in  London  itJ 
surprises  one  to  see  the  drivers  of  country  waggonj^J 
with  fine  robust  persons  in   the  upper  part,  b^: 
with   legs  which  are  fleshless  spindles,  producinj 
a  gait  most  awkward  and  unmanly.     One  re| 
that,  for  the  sake  of  a  trifling  saving,  fair  na 
ahotrld  be  thus  deformed.     The  wives  and  sisters 
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'oi  these  men,  and  their  brothers  who  are  b^eii 
wise  employed,  are  not  thus  misshapen^— *Aii  ea> 
ample  a£  an  oppo$ite  kind  is  seen  in  Paris,  wheri^ 
u»  there  are  no  side  pavements  in  the  streets,  and 
the  ladies  consequently  walk  almost  constantly 
on  tiptoe,  the  great  action  of  the  muscles  of  the 
calf  has  given  a  conformation  of  the  leg  and 
foot,  to  match  which  the  iParisian  belles  procuUy 
challenge  all  the  world.  They  are  not  ums^ 
probably,  that  it  is  a  defect  in  their  city  to  whidl 
the  peculiarity  of  their  form  is  in  part  owing. ' 

A  person  confined  to  bed  for  a  week  or  two  by 
sickness,  has  generally  to  remark  a  much  greater 
wasting  of  the  legs  than  of  the  arms  ;  the.  ceascm 
is,  that  the  muscles  of  the  leg  in  ordinary  cases  ate 
more  in  use  than  those  of  the  arms,  and  their  Bsiiii 
bulk  is  in  part  owing  to  this^  inaction :  pM- 
;4uces,  therefore,  a  greater  change  in  them^  thaip 
in  others,  which  have  a  certain  magnitude;  iiL- 
dependeptly  of  use. 

Facts  of  this  kind,  and  the  known  trutii  tltmU 
by  gymnastic  exercises  and  training,  the  fbnai  «f 
the  body  may  be  changed,  shed  important  light 
upon  the  subject,  at  present  so  near  to  the  hearts^of 
many  English  mothers,  viz.  the  weak  and  crooked 
backs  of  their  daughters. — Strong  stays,  whicdi  do 
the  duty  of  the  muscles  placed  by  nature  aroond 
the  spine,  cause  these  muscles  to  dwindle  fcmn 
inaction,  and  afterwards  the  back  bends  or  twists 
when  the  support  of  the  stay  fails  or  becomes  uat- 
equal.  Stays,  therefore,  can  neither  make  strodg 
and  well-formed  backs  originally,  nor  can  thej^-be 
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3  remedy  after  the  weakness  has  appeared.  A 
healthy  young  woman  from  the  country,  whose 
spine  lies  deep  between  the  firm  cushions  oi'  muscle 
which  support  it,  if  braced  up  in  tight  stays, 
according  to  town  fashion,  will  exhibit  at  the 
end  of  a  few  months  such  a  wasting  of  the  flesh 
that  the  points  of  bone  in  the  spine  may  be 
counted  by  the  eye  all  the  way  down. 

The  arch  of  the  Jhot  is  to  be  noticed  as  another 
of  the  many  provisions  for  saving  the  body  from 
shocks  by  the  elasticity  of  the  supports.  The 
point  of  tlie  heel,  and  the  balls  of  the  toes,  are 
the  two  extremes  of  the  elastic  arch,  and  the 
leg  rests  between  them. 

Connected  with  elasticity,  it  is  interesting  to 
remark  how  imperfectly  a  wooden  leg  answers  the 
purpose  of  a  natural  leg.  With  the  wooden  leg, 
which  always  remains  of  the  same  length,  the 
centre  of  the  body  at  each  step,  must  describe  a 
portion  of  a  circle  of  which  the  bottom  nob  of 
the  leg  is  the  centre,  and  the  body  is  therefore 
constantly  rising  and  falling;  while  with  the 
natural  legs,  which  are  easily  made  a  little  shorter 
or  longer  by  gentle  flejtureatthe  knee,  in  different 
parts  of  tlie  step,  the  body  is  carried  along  in 
a  manner  perfectly  level.  In  like  manner,  a  man 
riding  on  horseback,  if  he  keep  his  back  upright 
and  stifH  has  his  head  jolted  by  every  step  of  the 
trotting  animal ;  but  the  experienced  horseman, 
even  without  rising  in  the  stirrups,  can  carry  his 
head  along  quite  smoothly,  by  letting  the  back 
yield  a  little  at  each  movement ;  the  back  thus  acts 
p  3 
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as  a  bent  spring  does  in  smoothing  the  motioa! 
of  a  carriage. 

In  a  general  review  of  the  skeleton,  we  have  to 
remark,  1st,  the  nice  adaptation  of  all  the  parts 
to  each  other,  and  to  the  strains  which  they  have 
to  bear ;  as  in  the  size  of  the  spinal  vertebrae  in- 
creasing from  above  downwards — ^the  bones  of  the 
leg  being  larger  than  those  of  the  arm,  and  so  on. 
2dly,  The  objects  of  strength  and  lightness  com- 
bined, as  by  the  hollowness  of  the  long  bones — 
their  angular  form — their  thickening  and  flexures 
in  particular  places  where  great  strain  has  to  be 
borne — the   enlargement    of  the   extremities   to 
which  the  muscles  are  attached,    lengthening  the" 
lever  by  which  these  act,  &c.     Sdly,  We  have  to 
remark  the  nature  and  strength  of  material  in  dif- 
ferent parts  being  so  admirably  adapted  to  the  va-^ 
rioiis  purposes  which  they  serve.     We  have  bone^ 
for  instance,  in  one  place  nearly  as  hard  as  iron, 
where,  covered  with  enamel,   it  has   the   office 
of  chewing  and  tearing  all  kinds  of  matter  used 
as  food ;  in  the  cranium,  again,  it  is  softer,  but 
tough  and  resisting  ;  in  the  middle  of  long  bones 
it  is  compact  and  little  bulky,  to  leave  room  for 
the  swelling  of  the  muscles  lying  there,  while  at 
the  end  it  is  large  and  spongy,  with  the  same  quan- 
tity of  matter,  to  give  a  broad  surface  for  articula- 
tion ;  and  in  the  spine,  the  bodies  of  the  verte^ 
brffi,  which  rest  on  an  elastic  bed  of  intervertebral 
substance,,  are  light  and  spongy,  while  their  ar- 
ticulating surfaces  and  processes  are  very  hard. 
In  the  joints  we  see  the  tough  elastic  smooth  sub- 
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Stenee  called  cartilage  covering  the  ends  of  the 
bones,  defending  and  padding  them,  and  destroy- 
ing friction.  In  infants  we  find  all  the  bones  soft 
or  gristly,  and  therefore  calculated  to  bear  with  im- 
panity  the  falls  and  blows  unavoidable  at  their  pe- 
riod of  life ;  and  certain  parts  remain  cartilage  or 
gristle  for  life,  where  this  is  necessary  or  useful, 
as  the  anterior  extremities  of  the  ribs.  About 
the  joints  we  have  to  remark  the  hgaments,  bind- 
ing the  bones  together,  and  possessing  a  tenacity 
scarcely  equalled  by  any  known  substance ;  and 
that  the  muscular  fibres,  whose  contractions  move 
the  bones  and  thereby  the  body,  because  they 
would  have  made  the  limbs  clumsy  even  to  de- 
formity had  they  all  passed  over  the  joints  to  the 
parts  which  they  have  to  pull,  attach  themselves 
at  a  convenient  distance,  to  a  strong  cord  called  a 
tendon,  and,  like  a  hundred  sailors  at  a  rope, 
make  their  effort  effective  at  any  distance.  The 
tendons  are  remarkable  for  the  great  strength 
which  resides  in  their  slender  forms.  Such,  then, 
is  the  skeleton  or  general  frame-work  of  the  human 
body — less  curious  and  complicated  perhaps  than 
some  other  parts  of  the  system  which  we  have  yet  to 
examine,  but  so  perfect  and  so  wonderful,  that  few 
minds  can  attentively  consider  it  without  emotion. 

The  living  force  of  man  has  been  used  as  a 
working  power  in  various  ways,,  such  as  in  turn- 
ing a  winch — pulling  at  a  rope — walking  in  the 
inside  of  a  large  wheel  to  move  it,  as  a  squirrel  or 
turnspit  dog  moves  his  little  wheel,  &c.  Each  of 
these  has  some  particidar  advantage  ;  but  the  mode 
p3 
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io  which,  for  man  J  purposes^  the  greatest  eflEbct  miajr 
be  produced,  is  for  the  man  to  carry  his  body 
only  up  to  a  height,  and  then  to  let  itwcdk-kf-it^ 
we^fat  in  descending.  A  bricUajcdi  Wbguier 
will  be  able  to  lift  twice  as  many  bricks  to  the  tqp 
of  a  house  in  the  course  of  a  day,  by  ascending 
the  ladder  without  a  load  and  raising  brick  of 
nearly  his  own  weight  over  a  pulley  in  descend- 
.ingy  as  he  can  lift  by  carrying  the  bricks  and  him- 
•elf  up  together,  as  is  still  usuaUy  done. 

Reflecticm  would  naturally  anticipate  such  a  re- 
sult, independently  of  experiment,  for  the  load 
which  a  man  should  be  best  able  to  carry,  is  surely 
that  of  his  own  body,  from  which  he  can  never 
free  himself.  Accordingly  the  strength  of  mus- 
cles and  disposition  of  parts  are  all  such  as  to 
make  his  body  appear  light  to  him. 

The  question  which  was  agitated  with  such 
warmth  some  time  ago,  as  to  the  propriety  of 
making  men  and  women  work  on  the  treadmill, 
receives  an  easy  decision  here.  They  work  by 
climbing  on  the  outside  of  a  large  wheel  or  cy- 
linder, which  turns  by  their  weight,  and  they 
advance  upon  it  just  as  fast  as  it  turns,  otherwise 
they  fall  from  their  proper  situation.  Oil  the 
outside  of  the  cylinder  there  are  projections  or 
steps  for  the  feet,  and  the  action  to  the  workers 
is  exactly  that  of  ascending  an  acclivity.  Now  as 
nature  has  formed  the  human  body  for  climbing 
hills  as  well  as  for  walking  on  plains ;  the  work 
of  the  treadmill,  under  proper  restrictions  as  to 
duration,  seems  as  natural  and  healthful  as  any 
other.     Its  effects  have  now  proved  it  to  be  so. 
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As  animal  power  is  exhausted  exactly  in  pvo- 
portion  to  the  time  during  wliich  it  is  acting,  as 
well  as  in  proportion  to  tlie  intensity  of  force 
exerted,  there  may  otlen  be  a  great  saving  of  it 
by  doing  work  quickly,  although  with  a  little  more 
exertion  during  the  time.  Suppose  two  men  of 
equal  weight  to  ascend  the  same  stair,  one  of 
whom  takes  only  a  minute  to  reach  the  top,  and 
the  other  takes  four  minutes,  it  will  cost  the  first 
little  more  than  a  fourth  part  of  the  fatigue  which 
it  costs  the  second,  because  the  exhaustion  is  in 
proportion  to  the  time  during  which  the  mnscles 
are  acting.  The  quick  mover  may  have  exerted, 
perhaps,  one-twentieth  more  force  in  the  first  in- 
stant, to  give  his  body  the  greater  velocity,  which 
was  afterwards  continued,  but  the  sloth  supported 
his  load  four  times  as  long. 

A  healthy  man  will  run  rapidly  up  a  long  stair, 
and  his  breathing  will  scarcely  be  quickened  at 
tlie  top  ;  but  if  he  walk  up  slowly,  his  legs  will 
feel  fatigued,  and  it  will  be  sDme  time  before  he 
can  apeak  calmly. 

For  the  same  reason  coach-horses  are  much 
spared  by  being  made  to  gallop  up  a  short  hill, 
and  being  then  allowed  to  go  slowly  for  a  little 
time,  so  as  to  rest  at  the  top. 

The  rapid  waste  of  muscular  strength  which 
arises  from  continued  action,  is  shewn  by  keeping 
the  arm  extended  horizontally  for  some  time : 
few  can  continue  the  exertion  beyond  a  minute 
or  two.  In  animals  which  have  long  horizontal 
necks,  there  is  a  provision  of  nature  in  a  stioiig 
elastic  substance  on  the  back  or  upper  part  of  the 
r  1. 
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neck,  which  nearly    supports  the   head   witiiout 
muscular  exertion  at  all. 

lUustrative  of  the  fact  that  exertion  is  saved  ill 
many  cases  by  doing  work  quickly,  we  01119^ 
recall  the  circumstance  explained  in  a  fbnn^ 
part  of  the  work,  that  a  body  thrown  Of  shot 
upwards  with  double  velocity,  rises  four  ^miiei 
as  high  as  it  does  with  a  single  velocity,  oi  half 
of  the  other.  »• 


"  Instrumenls.^* 

The  following  remarks  regard  some  instruments 
used  by  medical  men. 

Midwifery  Jbrceps. — The  blades  beyond  the 
joint  or  fulcrum  being  longer  than  the  handles^ 
the  pressure  on  the  child's  head  is  less  than  that 
made  by  the  hand,  but  it  should  always  be  kept 
present  to  the  mind  of  him  who  uses  the  instru* 
ment  The  substitute  for  the  forceps  pn^poaed 
by  the  author,  and  described  in  the  section  <m, 
Pneumatics,  it  is  boped  will  save  infant  life  and 
maiornal  sufllbring,  in  many  cases  where  unprae^ 
tised  hands  might  tr}*  the  forceps  in  vain. 

Tke  rtttk^  or  lex^er  used  instead  of  the  fmtrept 
to  ad\*ance  the  child^s  head  in  parturitira,  is  a 
very  daitgerou:^  inslntmcnt  in  unskilful  hands.  lA 
Ak^  whew^x-er  it  i$  ii^cd  as  a  lever,  in  the  most 
c<HttnHW^  »n»  of  the  w<wd,  it  is  a  piece  of  un* 
x^ihul  crtieJty.  Suppose  any  part  of  the  pelvis 
to  K<^  made  the  Ailoram  <tf  this  lercr,  the  aoft 
parts  bet>KV<i(i  the  K«ne  and  the  instranieiit 
ai^  hrtii^fd  with  the  whole  I^Mnce  of  the  hand, 
and  with  twice  w  three  tiahes  as  madi,  if  the 
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resistance  be  nearer  to  the  fulcrum  than  to  the 
hand.  The  instrument  can  only  be  safely  used, 
by  the  operator  making  one  of  Iun  hands  the  ful- 
crum while  the  other  is  used  as  the  power,  or  by 
his  using  one  hand  so  as  to  answer  both  purposes; 
and  then  there  is  a  resemblance  between  tlic 
action  of  the  vectis  and  that  of  a  hook. 

The  Levator,  or  lever  for  raising  the  broken  and 
depressed  portion  of  the  scull  in  trepanning,  has 
a  fulcrum  attached  to  it.  Care  should  be  taken 
to  place  this  fulcrum  where  its  pressure  cannot  be 
injurious. 

The  cirenlm;  or  crorm  sav:  of  the  trephine,  should 
be  turned  or  worked  with  a  quick  motion  and 
gentle  pressure,  for  the  reason  given  at  page  156, 
when  describing  cutting  instiunients.  The  object 
is  thereby  sooner  and  better  attained,  and  the  head 
of  the  patient  is  shaken  much  less. 

For  the  same  reason,  a  light  and  quick  motion 
of  the  saw  should  be  used  in  dividing  the  bone 
in  amputations :  there  is  thus  less  jarring  and  an 
ftasier  division. 

In  using  the  amputation  knife  also,  the  speed, 
neatness  and  success  of  the  operation,  are  all 
favoured  by  mixing  the  drawing  or  saw  motion  in 
the  knife  with  the  pressure  towards  the  bone. 

These  last  observations  are  of  a  hundred  similar, 
which  might  be  made  to  prove  of  what  vital  im- 
portance it  is  for  a  surgeon  to  have  famiUarity  with 
the  use  of  tools  or  instruments.  Perhaps  a  person 
cannot  acquire  this  better  than  by  amusing  him- 
self with  some  work  of  carpentry.  Manual  dex- 
terity, and  a  little  readiness  at  mechanical  contri. 
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vance,  so  irequently  prpve  of  importance  to  p6r- 
acms.  in  all  stations,  that  it  is  surprising  why 
in  systems  of  general  education,  the  matter;  has 
not  received  greater  attention.  If  a  handloss  ot 
awkward  man  embrace  the  medical  profesiiioHb 
and  unfortunately  attempt  to  practice  surgery  or 
midwifery,  although  he  be  possessed  of  brilUaiH 
intellect,  he. may  fail  in  almost  every  thing  which 
he:  attempts.  '     ,^ 

The  Tooth  Key  is  an  instrument  found  in  the 
hands  of  almost  every  body  who  pretends  evea  to 
the  lowest  degree  of  skill  in  the  healing  art ;  aii4 

■ 

tJbere  is  perhaps  scarcely  a  day  passing,  in  which 
teeth  are  not  broken,  and  jaws  splintered,  and  guBdi 
bruised  even  to  sloughing,  by  the  unskilful  o^ 
awkward  use  of  it*  Thq  common  tooth  key  may  4^ 
regarded  in  the  light  of  a  wheel  and  axle,  witil 
the  hand  acting  on  two  spokes  of  the  wheel  te 
move  it,  while  the  tooth  is  fixed  to  the  axle  by 
the  claw,  and  is  drawn  out  as  the  axle  tiu'nSk 
The  gum  and  alveolar  process  of  the  jaw,  fonw 
the  support  on  which  the  axle  rolls.  The  common 
errors  of  the  operation  of  tooth-drawing  by  the 
key,  are  these. 

1st.  Turning  it  towards  ,that  side,  where  the 
adjoining  teeth  are  too  close  for  the  moved  toqtb 
to  pass,  without  either  being  broken  itself»  or 
breaking  one  of  them.  Sometimes  two  teeth  afe 
thus  drawn  instead  of  one. 

2d.  Neglecting  the  natural  inclination  of  the 
tooth.  By  winding  it  round  in  the  direction  j^ 
which  it  already  inclines,  and  in  accordance  with 
a  be^d  which  is  generally  found  in  the   tooth 
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itself,  the  operation  is  easy  and  safe;  while  if 
drawn  in  the  opposite  way,  it  not  unfrequently 
breaks  or  splinters  the  part  of  tlie  jaw-bone  ia^ 
which  it  sticks. 

3d.  If  the  tooth-claw  is  blunt,  and  its  point 
slips  high  upon  the  tooth,  it  then  acts  almost 
directly  across,  and  is  very  apt  to  break  the  tooth. 

4th.  And  unless  the  axle  or  fulcrum  of  the  key 
be  made  to  rest  as  evenly  as  possible  on  the 
gum,  it  will  tear  or  very  much  injure  the  gum. 
It  should  bear  or  rest,  if  jjossible,  over  the  part  of 
tlie  bone  in  which  the  tooth  is  set,  for  otherwise, 
as  when  a  back  tooth  is  drawn  witli  the  instru- 
ment resting  on  a  part  considerably  anterior  to 
it,  the  twist  produced  is  painful,  and  there  is 
danger  of  splintering, — A  man  whose  studies  or 
reflection  has  suggested  tliese  remarks,  and  who 
then  operates  leisurely  a  few  times  on  the  dead 
subject,  will  be  able  to  give  instant  and  safe  relief 
to  most  intense  suffering.  And  it  is  hardly  ex- 
cusable in  any  medical  man  who  may  be  placed 
where  a  dentist  cannot  be  procured,  to  neglect  ac 
quiring  a  talent  so  easy  and  useful. 

Some  dentists  pull  teeth  directly  out  by  a  strong 
forceps  made  for  the  purpose  ;  others  use  a  forceps 
in  the  manner  of  the  tooth  key,  by  resting  one 
side  of  it  on  the  gum  as  a  fulcnim.  In  this  case 
the  resting  side  is  formed  like  the  bolster  of  a  tooth 
key.  But  much  more  in  all  cases  depends  on  the 
dexterity  of  the  operator  than  on  the  form  of  the 
instrument. 

Steel  Trusses  Jbr  ruptures  are  one  of  the  bles- 
sings to  suffering  humanity,  which  modern  inge- 
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uuity  hsu  supplied.  From  the  imiifaJthy  eaqployw^ 
meots  of  feme  men  in  society,  and  tiie  ftisii|MtiiK 
or  onnatiml  madesof  livii^ofotben^  debililalBl 
constitutions  are  frequent,  and  are  oAen  UMMumS^ 
ted  to  oflSi^ng.  One  of  the  lam^itdlde  efiecfes- is 
that  weakness  of  the  sides  c^carities  in  particailsr 
points,  which  allows  the  protruson  under  tihe  skm, 
of  the  living  parts  from  within.  Theoocumenoeis 
called  hernia  or  rupture :  the  most  conuncm  hemb 
is  that  of  the  intestines,  through  the  grmns. 

Formerly  this  occurrence  disabled  for  life»  ,  A 
num  who  had  it  was  discharged  from  the  annjK 
or  navy ;  he  could  not  ride  on  horseback,  or  take 
usual  exercise;  he  could  not  hSt  a  wei^t,  and 
in  a  word,  he  was  often  a  miserable  burden  to 
himself  and  others.  Now  by  fitting  the  pad  of 
a  good  steel  truss  to  the  part,  the  rupture  is  restrain^ 
ed  permanently,  and  as  perfectly  as  it  could  be 
for  a  moment  by  the  hand  of  a  skilful  suigecMU 
The  truss  is  put  on  and  off  with  almost  as  little 
reflexion  or  trouble  as  a  part  of  the  ordinajry 
dresSy  and  the  man  becomes  again  as  fit  for  all  the 
duties  of  life  as  if  he  were  without  his  ailment! 

The  old  form  of  the  steel  truss  was  that  of  a  half 
or  three-quarter  hoop,  so  bent  and  tempered,  thai 
when  put  upon  the  patient,  one  end  with  a  pad 
upon  it,  pressed  inwards  with  a  given  force  on  the 
opening  by  which  the  rupture  protruded.  The 
defects  in  this  kind  of  truss  are,  that  it  is  difficult 
to  make  it  fit  exactly ;  it  is  rather  troublesome 
to  put  on  and  off:  and  it  bends  or  presses  dis- 
agreeably all  round  the  body. 

The  other  kind,  which  is  free  from  these  defects, 
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consists  of  a  little  more  than  hali'  a  hoop,  with  a 
pad  at  each  end:  one  ofthe  pads  supports  the  weak-, 
ness,  and  the  other  rests  upon  the  centre  of  the. 
back,  to  bear  ail  the  strain  there,  wliile  tiie  hoop, 
itself  hangs  loosely  on  the  side  of  the  body.  This  . 
truss  almost  falls  into  its  place  of  itself  and  needa- 
no  fastenings:  the  same  truss  fits  all  persons  of<4 
one  size,  whatever  their  shape ;  and  the  strength  l 
may  be  adjusted  by  changing  the  number  of  the.4 
springs  of  which  the  hoop  consists. 

Tourniquets,  crutches,  spUnts,  S^.  ^r.  are  so  i 
simple  in  all  respects  as  not  to  merit  special  A 
notice  here. 

This  section  contains  some  of  the  reflections'^ 
which  occur  to  a  person  familiar  with  mechanicals 
philosophy,  in  contemplating  the  human  skeleton,  ] 
and  the  more  complete  such  a  person's  knowledge 
is  of  anatomy,  physiology,  surgery,  and  medicine,  : 
the  more  numerous  will  be  the  professional  objects; ' 
on  which  this  philosophy  will  shed  a  light  dia-  ' 
sipating  doubt  and  error.  The  author  has  not'" 
entered  into  more  minute  detail,  because  it  would  * 
have  been  encroaching  upon  the  office  of  those  .1 
who  teach  particular  departments ;  and  because  "" 
he  thinks  that  any  one  who  is  not  enabled  by  the  ' 
examples  here  given,  to  make  the  applications  o£A 
the  general  laws  to  all  possible  cases,  may  account; 
the  study  of  the  healing  art  unsuited  to 
faculties  with  which  he  is  endowed. 


(     ««ti     ) 


CHAPTER  III. 

THE  DOCTRINE  OP  FLUIDS — ^ARRANGED  UNDER  THE 
TITLES  OF  HYDROSTATICS  AND  HTDRAULICSj  FOR 
LIQUIDS,  AND  OF  PNEUUATICSy   FOR  AIRS.      (Read  Ac 

-   synopsis,  page  1.) 


SECTION  I.— HYDROStATICS. 


ANALYSIS    OF    THE   SECTION. 

Hie  particles  in  ajluid  mass  are  Jreely  moveable  among  eoA 
dher,  so  as  to  yield  to  the  least  disturbing Jbrce.     Hence: 

h  In  Jluid  submitted  to  compression^  the  whole  mau  is  ^fkikkf 

tffectedy  and  the  compression  operates  in  all  dkeetioi^    A 

given  pressure,  therefore,  made  upon  one  square  inch  g/f.tif 

surface  of  a  Jluid  confined  in  a  vessel,  as  by  a  cork  or  plug 

Jhreed  iwooards  upon  it,  is  instantly  communicated  to  eoery  sqdarjt 

•  inih  qfthe  vesseCs  surface,  havoever  large,  and  to  every  "mdif^ 
the  surface  of  any  body  immersed  in  the  Jluid. 

9.  In  any  Jluid,  the  particles  that  are  below,  bear  the  vm^^  (^ 
those  that  are  above,  and  there  is,  therefore,  a  pressure  within 
the  mass,  increasing  exactly  with  the  perpendicular  depth,  and 
not  injluenced  by  the  size,  or  shape,  or  position  of  the  conta&ting 
vessel. 

3.  The  open  surface  of  a  Jluid  is  level;  ^nd  if  various,  pip^or 
vessds  communicate  toith  each  other,  any  Jluid  admitted  to  them 
will  rise  to  the  same  level  in  all, 

4.  A  body  immersed  in  ajluid  displaces  exactly  its  own  bulk  of  it, 
tohich  having  been  just  supported  by  theftuid  around,  the  hod^ 
is  supported  with  exactly  the  sarnejbrce,  and  must  sink  arsmin 
according  as  it  is  heavier  or  lighter  than  the  Jluid  displaced. 
The  force  with  which  a  body  is  held  up  in  a  Jluid  being  the 
exact  weight  of  its  bulk  of  that  Jluid,  by  comparing  this  with  the 
weight  of  the  body  itself,  the  comparative  weights,  or  the  specific 
gravities,  arejbund. 
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is  a  term  from  the  Gfreek,  designating  what  regards 
■water  at  rest,  and  the  sister  term  hydraulics,  de- 
signates what  regards  water  in  pipes  or  in  motion. 

"  FMd." 
It  was  explained  in  chapter  first,  that  the  same 
atoms  may  exist  in  the  form  of  a  solid  or  of  a 
fluid,  and,  as  a  fluid,  they  may  either  be  a  dense 
liquid  like  water,  or  a  light  elastic  mass  like  air, 
A  pound  of  ice,  or  a  pound  of  water,  or  a  pound 
of  steam,  differ  only  in  the  particles  being  more 
or  less  distant  from  each  other,  owing  to  the 
diflferent  quantities  of  heat  among  them.  lu  the 
first  case,  they  are  comparatively  near,  and  are 
held  together  by  attraction,  as  strongly  as  if  they 
were  spitted  or  glued  to  each  other  ;  in  the  second 
case,  the  repulsion  of  heat  seems  just  to  balance 
attraction,  and  to  leave  the  particles  at  perfect 
liberty  to  glide  about  among  each  other  without 
friction;  and  in  the  third  case,  the  repulsion  over- 
comes the  attraction  completely,  and  the  particles 
separate  to  a  great  distance,  as  if  held  apart  by 
some  bulky  elastic  medium.  Simple  and  satisfac- 
tory as  this  explanation  appears,  there  are  a  few 
facts  belonging  to  the  department  which  will  not 
range  under  it :  such,  for  instance,  as  that  water 
in  cooling  down  from  forty  degrees  to  the  freez- 
ing  point  increases  in  volume,  although  at  all 
other  temperatures  it  contracts  in  cooling,  like 
things  in  general ; — and  that  baked  clay  contracts 
instead  of  dilating,  in  proportion  as  it  is  more 
iiested. 
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Whether  matter  be  in  the  solid  or  fluid  f<miit 
the  properties  of  the  individual  atoms  remain  un-^ 
changed;  and,  as  in  the  chapter  on  mechanics, 
we  found  so  many  important  modifications  of  eflfect 
produced  by  the  circumstance  of  solid  cohesion 
among  them,  in  this  chapter  on  fluids,  we  shall 
find  as  many  important  results  arising  from  the 
circumstance  of  non-cohesion  or  fluidity. 

In  a  liquid,  the  particles  are  comparatively  newr 
to  each  other,  but  they  seem  not  to  be  in  actual 
contact;  for  the  mass  may  be  condensed  ia- 
definitely  by  pressure.  The  force  required,  how- 
ever, to  change  the  volume  of  a  liquid  in .  any 
sensible  degree,  is  so  great,  that  until  the 
improved  means  of  experiment  contrived;  very 
recently,  liquids  were  accounted  absolutely  in* 
compressible.  In  aeriform  fluids,  on  the  con* 
trary,  each  particle,  under  common  circumstances, 
has  about  two  thousand  times  as  much  space,  to 
itself  as  when  in  the  liquid  or  solid  state ;  and 
hence  the  reason  why  these  fluids  are  so  eid;enr 
sively  compressible  and  dilatable,  or  elastic,  as 
they  are  called.  On  account  of  this  elasticity^ 
they  exhibit  so  many  curious  phenomena,  in  ad- 
dition to  those  of  mere  fluidity,  that  the  considera- 
tion of  them  requires  to  be  gone  into  apart,  and 
forms  the  branch  of  the  subject  called  Pneumatics. 

"  In  a  quantity  ofjluid  mJmiitted  to  c(ym^ 

effect  is  eqiially  dffmed  throughout   the   whok^ 

and  is  felt  in   all  directions.     A  given  pressibre^ 

therefore^  made  upon  one  inch  of  the  surface  qf  a 

fluid  confined  in  a  vessel^  as  by  a  cork  or  phtg 
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Jbrced  inwards  upon  it,  is  instantly  felt  or  borne 
4tf  every  inch  qf  the  surface  of  the  vessel)  hcnvever 
■large,  and  hy  every  inch  of  the  smface  of  ai^ 
■   body  immersed  in  the  fjiid." 

The  truth  stated  in  the  above  paragraph  is  of 
great  importance,  both  from  the  useful  appUca- 
tiODS  which  have  been  made  of  it  in  the  construc- 
tion of  machinery,  and  from  its  explaining  so 
many  remarkable  phenomena. 

When  a  man  compresses  in  his  hand  a  bladder 
full  of  air,  he  does  not  believe  that  the  air  is  at 
all  more  compressed  immediately  under  his  lingers 
than  in  every  other  part  of  the  bladder ;  and 
of  course  the  bladder's  surface  generally  must 
be  pressing  the  air  as  much  as  those  parts  do 
on  which  his  lingers  rest,  and  must  be  bearing 
a  reaction  or  resistance  of  the  air  in  an  equal 
degree.  Every  single  particle  of  air  also  must  be 
acted  upon  on  every  side  ;  and  if  a  small  opening 
be  made  in  the  bladder,  at  whichever  side  it  be, 
ttu>  air  will  issue  from  it  with  equal  readiness. 
In  like  manner,  if  a  close  vessel  B  be  iilled 
with  water,  and  into  the  top 
of  it  a  tube  a  c  be  screwed 
and  if  then,  by  means  of  a 
cork  or  moveable  plug  in  the 
tube  at  c,  the  surface  of  the 
water  in  the  vessel  be  pressed 
upon  witli  a  force  of  one 
pound,  the  water  throughout  will  be  condensed 
in  proportion  to  the  pressure,  and  every  other 
portion  of  the  vessel  B,  of  equal  surface  with  c. 
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will  be  keeping  up  the  condensation  just  as 
much  as  c,  and  will  be  bearing  the  resistance 
or*  elasticity  of  the  water  to  the  extent  of  one 
pound.  And  if  there  were  another  similar  tube 
6,  also  with  a  plug,  screwed  into  the  top  of  the 
box  B,  the  force  of  one  pound  depressing  the 
phig  c  would  push  up  the  plug  b  with  the  same 
force ;  and  if  there  were  many  other  similar  tubes 
and  plugs,  by  acting  on  one,  all  would  be  equa^^ 
affected ;  and  a  plug  or  piston  of  double  s^ 
would  be  twice  as  much  affected  as  the  smaller 
one  c ;  and  a  plug  d^  ten  times  the  size,  would  be 
lifted  with  a  force  of  ten  pounds.  Hence  it  ap- 
pears  that,  through  the  medium  of  confined  fluid, 
a  force  of  one  pound,  acting  upon  an  inch  square 
of  the  fluid  surface  in  a  vessel,  may  become  a 
bursting  force  of  ten  or  a  hundred  or  a  thousand 
pounds,  according  to  the  size  of  the  vessel,  or  may 
be  used  as  a  mechanical  power  to  overcome  a  force 
much  more  intense  than  itself. 

If  in  the  above  figure  the  tube  a  were  just  big 
enough  to  contain  one  pound  of  water,  the  plug 
c  might  be  withdrawn  from  it,  and  the  tube  being 
then  filled  with  water,  the  same  pressure  or  con- 
densation would  take  place  in  the  box  B  as  when 
the  plug  was  pressed  with  the  force  of  one  pound ; 
and  of  course  exactly  the  same  effects  would 
follow  on  the  sides  of  the  vessel  and  on  the 
other  pistons ;  and  if  in  the  other  tubes  also,  water 
were  substituted  for  the  pistons,  it  is  evident  that, 
to  balance,  it  would  require  to  stand  as  high  in 
them  as  in  the  tube  a  c. — This  extraordinary 
result  has  been  called  the  hydrostatic  paradox. 


PHESSURE    IV   ALL    DlttECTIONS. 


9Si 


where  the  weight  of  one  pound  of  water  is  seen 
through  the  medium  of  extended  fluid  to  b^ 
producing  a  pressure  of  hundreds  or  of  thousands 
of  pounds.  Yet,  in  this  fact  there  is  nothing  in 
reality  more  paradoxical  than  that  one  pound 
at  the  long  end  of  a  lever  should  balance  ten 
pounds  at  the  short  end  :  indeed  it  is  but  another 
means,  like  the  contrivances  called  mechanical 
powers,  described  in  the  last  chapter,  of  balancing 
different  intensities  of  force,  by  applying  them  to 
parts  of  an  apparatus  which  move  with  different 
velocities.  Here  the  tube  a  being  ten  times.  I 
smaller  than  tiie  tube  e,  the  piston  in  a  must 
descend  ten  inches  to  raise  the  greater  piston  in 
e  one  inch. 

This  law  of  fluid  pressure  is  rendered  very 
striking  by  the  experiment  of  bursting  a  strong 
cask  by  tlie  weight  or  action  of  a  few  ounces  of  , 
water.  Suppose  a  cask  a  already  fllle4  i 
with  water,  and  that  a  long  small  tubp 
6  c  is  then  screwed  tiglitly  into  its  top, 
which  tube  will  contain  only  a  few 
ounces  of  water  ;  by  pouring  these  few 
ounces  into  the  tube,  the  cask  will  be 
burst.  In  explanation  of  this,  it  is  un- 
necessary to  say  more  than  that  if  the 
tube  have  an  area  of  a  fortieth  of  an 

a     inch,  and  contain  half  a  pound  of  water 
when  tilled,  it  produces  a  pressure  of  i 
half  a  pound  upon  every  fortieth  of  an  , 
inch  all  over  the  interior  of  the  cask ;  and  this  tf 
more  than  the  cask  can  bear. 
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The  same  efiect  is  seen  in  whsit  is  called  the 
hydrostatic  bellows.     It  consists  of  a  long  small 

tube  a  bf  into  which  water  is 
poured  to  enter  the  body  of  the 
apparatus  at  c,  which  resembles 
the  common  bellows,  in  having 
wooden  boards  above  and  below, 
and  strong  leather  cmmectiiig 
them.  If  the  tube  a  b  holds  an 
ounce  of  water,  and  has  itself  only 
one- thousandth  of  the  area  of  the 
top  of  the  bellows,  an  ounce  €i 
water  in  the  tube  will  balance 
weights  of  a  thousand  ounces  placed  on  the  iiof 
of  the  bellows  at  d.  If  mercury  were  substituted 
for  water  in  this  machine,  the  effect  would  be 
fourteen  times  greater,  because  mercury  is  foiur- 
teen  times  heavier  in  the  same  bulk :  and  if  a  man 
stand  on  the  bellows,  by  blowing  into  the  tube 
with  his  mouth,  he  may  raise  himself. 

Mr.  Bramah  applied  this  property  of  fluids  in 
the  construction  of  his  most  powerful  and  usefiil 
hydrostatic  press.     It  consists  of  a  short  and  very 

strong  pump  barrel  a  i, 
Y  7  (shewn  here  in  section) 
'^  with  a  solid  piston  c  of  pro- 
^  portionate  strength,  which 
piston  is  pushed  against  the 
thing  to  be  compressed,  by 
water  driven  into  the  barrel  beneath,  at^  from  the 
small  pump  e.  If  the  small  pump  have  only  one- 
thousandth  of  the  area  of  the  large  barrel,  and 
if  a  man,  by  means  of  a  lever  handle  d  to  the 
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small  pump,  press  its  piston  down  with  a  force 
of  five    hundred   pounds,    the   great  piston    will  ' 
rise  with  a  force  of  one-tliousand  times  five  hun-  ( 
dred    pounds,  or   more  than  two  hundred  tonst 
Nothing  can  withstand  the  power  of  such  a  pressj 
whether  to    condense    materials,    to    raise   great 
weights,  or  to    tear  things    asunder  against  the  ' 
most  powerful  resistance. 

The  Dilator  is  a  surgrcal  insti'ument  of  exten- 
Bive  application,  of  which  the  action  depends  on 
this  principle  of  fluid  pressure.     It  was  proposed  I 
jjy  the  author  some  years  ago,  and  was  brought' 1 
to  great  practical  perfection  by  his  brother,  Dr.  ' 
James   Arnott   (now   superintendant   surgeon  in 
the  service  of  the  Hon.  East-India  Company),  ifl  1 
whose   publication    on    diseases    of  tlie    urethra;  i 
&c.  it  is  minutely  treated  of.    Many  profession^  ' 
men  in  this  countiy  doubted  of  its  power,  from 
their   not  being    aware    of  tlie    nature    of  fluid  i 
action;  but  it   is  in  reality  a  hydrostatic  pn 
allowing  the  operator  to  act  with  the  most  gentle  | 
or   most  energetic  force.      Farther    remarks  are 
made  upon  it  in  the  medical  section  which  follows  ' 
this  chapter. 

"  In  any  Jluidt  the  particles  that  are  beloic,  fe^^l 
the  -weight  of  those  that  are  al)Ove,  and  t!ierefbre\ 
there  is  a  pressure  among  them  increasing  in  exact  \ 
proportion  to  the  perpendicular  depth,  and  not  J 
influenced  by  the  size  or  shape  or  position  of  t/ie'\ 
containing  vessel" 

That  this  must  be  true,  where  the  atoms  have 
Q  3    , 
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gravity,  is  evident  from  reflectitig,  that  the  upper 
layer  is  supported  by  the  second,  atrd  thiB  with  its 
load  by  the  third,  and  the  third  vnth  its  double 
load  by  the  fourdi,  and  so  on.  This  truth  is  ex* 
pferimentally  proved  by  putting  different  heig^ 
Of  liquid  into  an  upright  tube,  of  which  the  bot- 
tom is  closed  by  a  flap  sustained  by  a  spring  or 
lever,  which  indicates  the  force  acting  on  it.  And 
what  is  true  of  the  entire  column  of  water  in  the 
tube,  is  true  of  any  single  line  of  atoms  m 
thitt  column  $  just  as  it  would  be  true  of  a  line  lif 
bricks  piled  one  above  another,  and  maintained 
tipright 

A  tube  of  which  the  area  is  an  inch  sqii«M> 
holds  tiearly  a  pound  of  water  in  two  feet  of  dite 
length ;  hence  the  pressure  in  water  at  any  depth, 
whether  on  the  side  of  a  vessel  or  on  its  bott(AB» 
or  On  aiiy  b6dy  immersed,  is -nearly  one  pound 
on  the  isquare  inch  for  every  two  feet  of  depths 

TOie  striking  effects  from  the  increase  of  pi'es^ 
Wte  in  a  fluid,  at  great  depths,  are  of  courte 
most  commonly  exhibited  at  sea.  The  following 
instances  will  illustrate  them. 

If  a  strong  square  glass  bottle,  empty,  be 
firmly  corked,  and  then  sunk  in  water,  it  is  ge- 
nerally crushed  inwards  by  the  extreme  pressure, 
before  it  reaches  a  depth  of  ten  fathoms. 

When  a  ship  founders  near  the  shore,  on  break- 
ing up,  the  wreck  generally  floats  and  is  cast  upon 
the  beach ;  but  when  a  ship  sinks  in  deep  water, 
the  great  pressure  forces  water  into  the  pores  of 
the  wood,  and  makes  it  so  heavy  that  no  part  can 
ever  rise  again  to  reveal  her  fate. 
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A  bubble  of  air  or  of  steam,  set  at  liberty  far 
below  the  surface  of  water,  is  small  at  first,  and 
gradually  enlarges  as  it  rises. 

A  man  who  dives  deep,  sfifFers  much  by  the 
compression  of  his  chest,  from  the  yielding 
of  the  elastic  air  within,  under  the  strong  pres- 
sure. This  limits  the  depth  to  which  divers  can 
safely  go. 

It  is  not  known  whether  there  is  a  limit  to  the 
pressure  which  fishes  can  bear  with  impunity,  but 
they  are  chiefly  found  living  in  the  shallower 
waters  on  coasts,  or  on  banks  in  the  midst  of 
the  ocean,  such  as  the  banks  of  Newfoundland, 
the  Dogger-bank,  and  other  fishing  stations  out 
at  sea.  In  rounding  the  Cape  of  Hood  Hope,  at 
a  considerable  distance  trom  land,  ships  pass  over 
tlie  bank  of  Lagidlas,  where  a  hook  let  down, 
with  a  bit  of  red  rag  as  a  bait,  immediately  se- 
cures a  codfish. 

It  is  easy  to  prove  the  compressibility  of  water, 
by  sending  a  vessel  down  into  the  deep  sea.  Sup- 
pose the  vessel  to  be  made  with  only  one  entrance 
through  a  small  round  opening,  to  which,  instead 
of  a  cork,  a  close-fitting  sliding  rod  is  adapted. 
If  the  vessel  be  then  fiJled  with  water,  and  the 
rod  be  inserted  in  the  opening,  on  sending  it 
down  into  the  sea,  the  pressure  aroimd  pushes 
the  rod  into  the  vessel,  in  a  degree  proportioned 
to  the  yielding  or  compression  produced  in  the 
water  within  ;  and  if  there  be  a  stiffsliding  ring  on 
the  rod,  to  indicate  afterwards  how  far  it  had  been 
driven  inwards,  it  is  evident  that  the  apparatus 
may  serve  to  shew  the  degree  of  compression  at 
qt 
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any  depth.     At  a  thousand  fathoms  the  conden» 
sation  is  on&*twentieth  of  the  bulk, 

TTie  pressure  in  any  part  of  an  open  fluid,  ce- 
rates, of  course,  in  all  directions,  as  already 
described  in  the  case  of  a  confined  fluid. 

If  a  coffked  empty  bottle  be  sent  down  into  th^ 
sea,  the  cork  is  forced  inwards  at  a  given  depths 
without  regard  to  the  direction  in  which  th^ 
mouth  of  the  bottle  may  happen  to  point.^ — ^A 
bottle  cork  carried  far  under  water,  is  npt  flat* 
tened  a3  if  by  an  unequal  pressure,  but  is  reduce4 
in  all  its  dini^nsions,  so  as  to  appear  a  phial  cork. 

If  a  vessel  containing  water  have  an  opening 
in  the  side,  covered  by  a  valve  or  flap  so  con«« 
triyed  as  to  t^ll  the  force  acting  to  keep  it  close, 
H  is  found  that  the  water  tends  to  escape  just  as 
powerfully  through  such  an  opening  as  if  it 
were  in  the  bottom,  with  the  same  elevation  of 
water  oyer  its  centre.  And  different  openings 
in  the  side  of  a  vessel  require  to  be  closed  with 
forces  exactly  proportioned  to  the  heights  of 
liquid  above  them. 

In  a  square-sided  vessel  full  of  water,  the  whol^ 
pressure  on  any  side,  is  just  half  of  what  it  is  or 
would  be  on  an  equal  extent  of  bottom ;  because 
the  centfe  of  the  side  is  ju3t  half  as  deep  as  th^ 
bottom.  Where  the  bottom  and  side  meet  th? 
pressure  is  equal  on  both,  but  it  gradually  dir 
minishes  on  the  side,  as  the  depth  is  less,  and 
at  the  middle,  being  only  half  as  much  as  at  the 
bottom,  and  above  the  middle  being  just  as  mucl) 
Jess  than  half,  as  below  it  is  more  than  h^lf,  it 
/^mounts  to  an  exact  half  in  the  whole. 
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The  pressure  on  the  side  of  a  narrowvessel  isjust 
as  gi'eat  as  on  the  side  of  a  wide  vessel,  with  the 
same  deptli  of  fluid  :  because,  as  now  explained,  * 
it  depends  entirely  on  tlie  extent  of  surface  acted 
upon  and  the  depth  of  liquid. 

A  flood-gate  or  sluice  ivhich  shuts  out  the 
ocean,  as  in  docks  opening  to  the  sea,  bears  no 
more  pressure  than  ii'  it  only  stood  against  a  lake 
or  river ;  and  if  two  immense  flood-gates  were 
placed  so  near  to  each  other  as  only  to  enclose 
between  them  a  few  hogsheads  of  water,  they  ' 
would  still  be  bearing  as  much  pressure  as  if  the 
Atlantic  were  resting  on  tliem. 

Hence  the  fear  is  unfounded  which  many  have 
expressed  in  speaking  of  the  project  of  forming  a 
canal  between  the  Red  Sea  and  the  Mediterranean, 
that  the  first  being  twenty  feet  Iiigher  than  the  ) 
other,  it  might  burst  through  the  flood-gates,  and"i 
carry  devastation  along  its  course. 

A  deep  crevice  in  a  rock  filled  by  a  shower,  is  j 
often  the  cause  of  the  rock  being  torn  asunder, 
and  of  part  being  precipitated. 

Extensive  walls  or  faces  of  masonry,  intended  i 
to  confine  banks  of  sand  or  eailh,  if  no  openings  j 
were  left  for  water  to  escape  from  behind  themi 
would  be  burst  after  rain,  unless  they  had  the 
strength  of  flood-gates  of  the  same  size.  Igno-  j 
ranee  of  this  danger  has  led  to  some  extraordinary  | 
catastrophes. 

Other  examples  of  pressure  in  fluids  being  in  j 
all  directions,  and  proportioned  to  the  depth,  are:  ( 
the  swelling  and  bursting  of  leaden  pipes  when 
filled  from  a  very  elevated  source :    the  tearing  up 
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of  the  covering  of  a  subterranean  drain  or  water- 
course  which  has  a  considerable  descent,  whett 
any  accident  choaks  it  near  its  lower  opening,  « 
when  the  flood  is  such  as  to  fill  it — ^The  violence 
with  which  water  enters  by  an  opening  or  leak 
near  the  keel  of  a  deep41oating  ship. — ^The  great 
strength  required  in  the  hoops  and  securities  of 
those  casks  used  by  porter  brewers  called  Vtttt, 
some  of  which  contain  many  thousand  barrels 
of  liquid. 

In  speaking  of  the  pressure  of  a  fluid  in  aH  4i* 
rections,  some  persons  have  difficulty  in  coftt- 
ceiving  that  there  is  an  upward,  as  well  as  a 
downward  and  a  lateral  pressure.  Now,  if  in 
a  fluid  mass,  the  particles  below  had  not  a  ten- 
dency upwards  proportioned  to  the  pressure 
around  them,  from  which  they  are  trying  to 
escape,  they  could  not  support  the  fluid  above^ 
which  rests  upon  them.  Again,  if  a  long  tube, 
open  at  both  ends,  and  with  a  sliding  plug  or 
piston  fitted  to  it,  be  partially  plunged  into 
water  by  the  end  to  which  the  plug  has  been 
moved,  it  is  found  that  the  water  presses  the  plug 
upwards  with  force  proportioned  to  the  depth  to 
which  it  is  carried,  and  exactly  equal  to  the  force 
with  which  it  presses  upon  the  bottom  or  side 
of  a  vessel  at  the  same  depth.  On  removing 
the  plug  altogether,  the  upward  pressure  is  visibly 
proved  and  measured  by  the  column  of  water 
which  is  pushed  into  the  tube  from  below,  and 
is  there  supported,  to  the  level  of  the  water 
around  it. 
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The  pressure  in  a  mass  of  fluid,  which  is  propor- 
tioned to  the  perpendicular  depth,  is  not  at  all 
influenced  by  the  size,  shape,  or  position  of  the 
Containing  vessel. 

A  body  immersed  in  the  water  of  a  lake,  one 
foot  under  the  surface,  is  just  as  much  pressed 
upon,  as  if  it  were  one  foot  under  the  surface  of 
the  sea,  and  no  more  than  if  it  were  one  foot  under 
the  surface  of  a  small  cistern. 

Suppose    vessels    tliffering 

from  each  other  in  form  and 

capacity,  as  much  as  is  sketch- 

_]     ed    here  at  a,  b,  and  c,  but 

I      ^         "    I  all    having    flat   bottoms,    of 

exactly  the  same  area;  if  fluid 
be  poured  into  all  of  them  to  the  same  level  or 
perpendicular  height,  as  represented  here  by  the 
dotted  lines,  although  the  quantity  will  be  very 
different  in  each,  the  pressure  on  the  bottom 
will  be  the  same  in  all.  This  truth  is  easily 
proved  experimentally,  by  iiaving  tlie  bottoms 
moveable,  and  Iield  to  their  places  by  weights  or 
springs  capable  of  measuring  the  pressure. — This 
result  is  another  exemplification  of  the  two  truths, 
pressure  equal  in  all  directions  and  presstcre  as 
depth.  For  as  a  column  of  the  fluid  resting  on 
the  middle  of  each  bottom  just  presses  with  its 
whole  weight,  and  therefore  according  to  its 
altitude,  this  column  could  not  remain  at  rest  if  | 
there  were  any  greater  or  less  pressure  than  its 
own  near  it;  and  as  the  fluid  is  at  rest  in  all  the 
cases,  and  in  all  a  central  column  is  of  the  same 
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height,  tlie  pressure  must  be  equal  on  all  the 
bottoms.  This  subject  is  illustrated  by  supposing 
the  vessel  a  to  be  filled  with  uprightrods  of  glass 
or  pieces  of  smootti  cane  :  it  is  evident  that  only 
those  pieces  which  rested  on  the  bottom,  could 
press  directly  on  it,  while  the  others  would  be  sup- 
ported by  the  oblique  sides  of  the  vessel,  and  by 
the  lateral  resistance  of  the  pieces  around  fJiem. 

"  Level  surface  of  afiuid  **  (read  the  anafym).   ' 

That  the  surface  of  a  fluid  must  be  level,  fol- 
lows from  the  facts  of  all  the  particles  being 
equally  attracted  towards  the  centre  of  the  earth, 
and  being  perfectly  moveable  among  themselves. 
The  particles  forming  the  surface  may  be  regarded 
as  the  tops  of  so  many  columns  of  particles,  sup* 
ported  by  a  uniform  resistance  or  pressure  below : 
and  therefore  a  higher  column  must  sink  and  a 
lower  one  must  rise,  until  it  be  just  balanced  by 
those  about  it;  that  is,  until  all  become  alike. 
Besides  this,  just  as  a  ball  rolls  down  a  slope  or 
inclined  plane,  so  do  the  particles  of  a  fluid  slide 
or  move  from  any  higher  situation  to  any  lower 
situation  unoccupied  near  them. 

A  perfectly  level  surface  on  earth,  really  means 
one  in  which  every  particle  is  equidistant  from 
the  centre  of  the  earth,  and  it  is  therefore  truly  a 
spherical  surface ;  but  so  large  is  the  sphere,  that 
if  a  slice  of  it  of  two  miles  in  diameter  were  cut 
off",  and  laid  on  a  perfect  plane,  the  centre  of  the 
slice  would  only  be  eight  inches  higher  than  the 
edges.     Any  small  portion  of  it,  therefore,  for  all 
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common  purposes,  may  be  accounted  a  perfect 
plane. 

So  truly  smooth  does  a  fluid  surface  become, 
that  it  forms  a  perfect  mirror  ;  that  is,  it  reflects 
or  throws  back  the  rays  of  light  which  fall  upon 
it  so  exactly  in  the  order  which  they  had  at 
leaving  the  object,  that  the  eye  receiving  them^ 
may  fancy  the  object  to  be  placed  in  the  direction 
of  the  mirror. — It  was  over  the  glassy  surface 
of  the  fountain  or  the  lake,  that  the  aheplierdesses 
of  the  young  world  bent  themselves,  to  learn  the 
charms  which  nature  had  bestowed  on  them. — 
And  a  child  contemplates  with  wonder  and  de- 
light, through  the  window  of  a  still  pool  or 
gliding  stream,  another  sky  appearing  below  the-  I 
ground,  with  its  clouds,  and  sun  or  stars ;  and 
another  landscape,  with  inverted  woods  and  moun- 
tains, the  supposed  dwelling  of  fairy  beings. 

In  the  cutting  of  canals,  the  making  of  rail- 
ways, and  in  many  other  operations  of  engineer-  I 
ing,  it  is  of  essential  importance  to  determine  the 
level  or  horizontal  direction  at  any  place ;  and 
this  is  beat  done  by  a  tube  of  glass  a  c,  filled  with 
spirit   except    one    bubble    ctf  I 

p f. ^      air  b,  and  called  a  spirit  level. 

When  this  tube    is  horizontal, 
the  bubble  has  no  tendency  to  move  to  either  end  ; 
but  if  the  tube  inchnes  ever  so  little,  the  bubble  I 
rises  to  the  end  which  is  highest.     Such  a  tube  I 
properly  fixed  in  a  frame,  with  a  telescope  attached  I 
to  it,  or  simply  with  sight-holes  to  look  through, 
becomes  the  engineei"'s  guide  in  many  of  his  ope- 
rations. 
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A  l»of  mttmmudmg  Ae  tatAwmiiA 
tadies  m  every  mile.     In  rwiliBg  m  iepei 
tJMwfere,  wliidi  beoofnes  f«it  of  m 
jpfnear  to  firilfioaiffae  itr^gklevd 
M INHT  deicribed,  jttft  m  tike  «id 

GmmIs  leadings  from  teapoifs  to  die  oiiBrior  of 
omotries  haire  geo^alty  to  M$cead  ;  but 
CMfiot  become  fitagoaynt  in  any  ciiamiel  drnt  m 
l^vd^  the  canal  b  divided  by  gates  or  ahnoe^  in|a 
poitiom  at  difieiettt  levds,  Hfce  st^s  of  m  alaip; 
tlw  fife  at  tbe  joininga  being  geiierally  fiom  aix 
tacalve  feet  The  boat  is  nubed  or  lomered  fiom 
one  levd  to  anotb^  by  the  cootiivaiioe  c^l^  « 
ioclg  which  is  merelya  poilioii  of  the  low  levi^ 
eapacioua  enough  for  the  boat  to  lie  in,  finmdiisd 
with  high  walK  9iid  with  floodgates  at  both  ends: 
so  th^t  when  the  gates  below  are  shut,  andwain^ia 
gradually  admitted  from  above,  the  lock  becomef 
part  (^  the  high  level,  and  as  such  it  loay  deliver  a 
boatf  or  receive  one ;  and  when  the  upper  floods 
g^tes  are  shut^  9^nd  the  water  a^  gradually  allowed 
to  escape  from  the  lock,  this  becomes  again  part  <^ 
the  low  level,  and  a  boat  may  enter  it  or  leave  it 
by  its  lower  gates. 

The  cutting  of  cabals  is  one  of  the  great  items 
iu  the  m^ss  of  modern  improvement,  and  both 
marks  ^nd  ha^ten^  the  progess  of  civUizatipn.  Ad- 
verting to  the  importance  of  ea^y  intercourse,  as 
e^^plained  in  9.  former  section,  we  need  only  aay 
here,  tUat  *  horse  dx^w»  one  ton  with  dij05cnUy  o» 
pur  Uert  roads,  J^ujt  c;9Ln  dr^w  tbjyrty  tons  with  the 
sw^e  ^oed  in  a  c^flaj  boat. 

And  what  a  glorious  triumph  to  science  oxtd 
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art  it  is,  to  be  able  to  conduct  vessels  of  all  kinds, 
even  those  originally  intended  for  tlie  ocean  surge 
alone,  through  the  quiet  valleys  of  an  interior 
country !  In  Scotland,  at  present,  along  tlie  Cale- 
ilonian  canal,  a  noble  frigate  may  be  seen,  wan- 
dering as  it  were,  among  the  inland  solitudes, 
■  and  displaying  her  grace  and  majesty  to  tlie  as. 
toiiislied  gaze  of  the  mountain  shepherd ;  and 
having  ti'aversed  the  kingdom,  and  visited  the 
lonely  lakes,  whose  waters  until  now  had  only  borne 
the  skiff  of  the  hunter,  she  descends  again  by  tlie 
steps  of  the  liquid  stair,  and  safely  resumes  her 
usual  place  among  the  waves. 

It  is  in  contemplation  at  present  to  lead  a  ship 
canal  across  the  isthmus  which  joins  North  and 
South  America.  The  elevation  to  which  the 
canal  must  reach  to  surmount  the  central  ridge  is 
considerable,  and  will  increase  the  difficulty ;  but 
such  important  consequences  would  follow  the 
accomplishment  of  tlie  object,  that  with  the  con- 
tinuance of  general  peace,  and  the  increase  of  pOp 
Utical  wisdom,  it  will  probably  be  attained.  If  bo^ 
the  loaded  vessel,  rising  from  the  Atlantic,  would 
soon  be  descried  among  the  mountain  heights, 
and  a  little  after  would  be  safely  delivered  to  a 
port  of  the  opposite  sea,  having  perfoimed  in  a 
few  hours,  by  a  near  cut,  a  voyage  which  at  pre- 
sent costs  months  of  delay  and  hazard,  in  4 
tedious  navigation  round  tlie  whole  southern  con- 
tinent. 

And  if  the  lied  Sea  and  Mediterranean  were 
joined  in  tlie  same  way,  as  has  also  been  pro- 
pofietl,  it  would,  in  effect,  bring  India  near  to  Eu- 


244  HYDROSTATICS. 

rope,  and  would  more  and  more  strengthen  tlie 
bonds  of  mutual  utility  and  brotherhood  among 
the  nations  of  the  earth.  Then,  indeed,  might  it 
be  said  most  truly,  that  the  whole  earth  is  a  gar- 
den,  which  has  been  given  to  man  as  his  abode, 
where  every  spot  has  its  peculiar  sweets  and 
treasures  ;  and  the  cidtivator  of  each  exchanging 
a  share  of  what  he  produces  for  shares  in  return 
from  others :  the  same  general  result  follows,  as 
if  every  field  or  farm  contained  within  itself  the  cli- 
mates and  soils  and  capabilities  of  the  whole  earth. 

In  a  canal,  the  least .  deviation  from  the  true 
level  would  immediately  cause  any  water  admitted 
into  it  to  flow  towards  the  low  end.  This  flux  to 
a  lower  situation  is  what  is  going  on  in  the 
myriads  of  streams,  which  render  the  face  of  the 
earth  a  scene  of  such  varied  beauty  and  incessant 
change. 

As  in  the  animal  body,  from  even  the  minutest 
point,  a  little  vein,  endowed  with  living  power, 
takes  the  blood  which  has  just  brought  life  and 
nutriment  to  the  part,  and  delivers  it  into  a  larger 
vein,  whence  it  passes  into  a  larger  still,  until  at  last 
it  meets  the  blood  returned  from  every  part  of  the 
body  in  the  great  reservou'  of  the  heart :  so  in  this 
terrestrial  globe,  whe  re  the  magic  moving  power 
is  simply  fluid  seeking  its  level,  from  every  point  of 
the  surface,  does  the  rain,  which  falls  to  sustain 
vegetable  and  animal  life,  and  to  renovate  nature, 
gUde  into  a  lower  bed,  and  from  thence  into  a 
lower  still,  until  the  mingling  streams,  after  every 
variety  of  combination,  swell  and  constitute  the 
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great  rivere  which  return  ^ain  the  accumulated 
waters  into  the  common  resenoir,  tlie  ocean. 
In  the  living  tody,  the  arteries  carry  back 
tlie  blood  with  renewed  vitality  to  every  point 
whence  the  veins  had  withdrawn  it,  and  so  com- 
plete the  circulation :  and  the  circulation  of  the 
hving  universe  is  completed  by  the  action  of  heat 
andof  the  atmosphere,  whicli,  from  the  extended 
face  of  the  ocean,  raise  a  constant  exhalation  of 
watery  vapour  of  invisible  purity,  which  the  winds 
carry  and  deposit  as  rain  or  dew  on  every  spot 
of  the  earth. 

A  very  slight  declivity  suffices  to  give  the  riin- 
Tiing  motion  to  water.  One  inch  per  mile,  in  a 
smooth  straight  chamiel,  gives  a  velocity  of  about 
three  miles  per  hour.  The  Ganges,  which  gathers 
the  waters  of  the  Himalaya  mountains,  the  lotUest 
in  the  world,  at  eighteen  hundred  miles  from  its 
mouth,  is  only  eight-hundred  feet  above  the 
)e\'el  of  the  sea — that  is,  about  twice  the  height 
of  St.  Paul's  Church  in  London  ;  and  to  fall  these 
eight  hundred  feet,  it  requires  more  than  a  month. 
The  great  river  Magdalena,  in  South  America, 
ronning  for  a  thousand  miles  between  the  Andes 
oo  one  side,  and  a  ridge  almost  as  lofly  on 
the  other,  fails  only  five  hundred  feet  in  that  dig- 
tanoe.  Above  the  commencement  of  the  thou- 
sand  miles,  it  is  seen  descending  in  rapids  and 
cataracts  from  the  mountains.  The  gigantic  Rio 
de  la  Plata  has  so  gentle  an  ascent  from  the  ocean, 
that  in  Paraguay,  at  the  distance  of  fifteen  hun- 
dred miles  from   its  mouth,  large  ships  are  seen 
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which  have  sailed  against  the  current  all  the  wajr, 
by  the  force  of  the  wind  alone. 
.  If  a  small  lake  or  extensive  mill-pond,  with  very 
uneven  bottom,  were  suddenly  emptied  by- 'a 
sluice  or  opening  in  its  lowest  part,  a  vast  number 
of  pits  or  pools  of  various  size  and  shape,  would 
be  left  among  the  inequaUties  of  the  bottoni. 
But  supposing  rain  to  continue  falling,  .  or  j&fr> 
quently  to  recur,  a  remarkable  change  wouM 
soon  by  efiected ;  each  pool  by  running  ow 
at  its  lowest  part,  and  sending  out  a  streamkt 
either  into  another  lower  pool,  or  into  a  chan- 
nel leading  directly  to  the  sluice  or  openmg, 
would  be  wearing  away  the  part  or  side  over 
which  the  water  were  running,  so  that  jdie 
breach  or  channel  would  become  gradually 
deeper,  and  the  water  in  the  pool  would  coase- 
quently  become  shallower ;  while  at  the  same  time 
the  bottom  would  be  filling  up  with  the  sand  or 
mud  washed  down  by  the  rain  ftom  the  elevaticms 
around:  and  these  two  operations  being  continued, 
the  pool  would  at  last  disappear  altogether.  THs 
operation  going  on  in  every  pool  through  the 
whole  of  the  emptied  mill-pond,  the  bottom  wouU 
at  last  exhibit  only  a  varied  and  undulated  surface 
of  dry  land,  with  a  beautiful  arrangement-  of 
ramifying  channels,  all  sloping  with  a  precisian 
unattainable  by  art,  to  the  general  mouth .  or  es- 
tuary. The  reason  that  in  the.  supposed  case,  aad 
in  every  other,  a  water-course  soon  becomes  so  sin- 
gularly uniform  as  to  dimension  and  descent,  is, 
that  any  pits  or  hollows  in  it  are  soon  filled  up  jby 


tlie  sand  and  mud  carried  along  in  the  stream,  and 
deposited  where  the  current  is  slack  ;  wliile  any 
elevations  are  worn  away  by  the  action  of  the 
more  rapid  current  which  accompanies  shallow- 
ness, uirtil  tliroughout  the  w;hole  line  only  ajuoi- 
form  and  gradual  slope  remains. 

The  above  paragraph,  describes  in  miniature, 
what  has  been  going  on  over  the  general  face  of 
*ur  earth,  ever  since  that  convulsion  of  nature 
■which  produced  its  present  form.  In  many  places 
the  phenomenon  is  already  complete  ;  in  others  it 
is  only  in  progress.  The  whole  of  what  is  now 
dry  land,  has  at  some  period  been  under  water, 
and  much  of  it  has  evidently  been  a  gradual  de- 
position from  water.  By  some  extraordinary  con- 
vidsion,  therefore,  our  present  continents  and 
islands  must  have  been  thrown  up  from  the  bottom 
of  an  ocean,  or  an  ocean  must  have  subsided 
away  from  them ;  and  in  either  case  the  eartli 
must  have  risen  as  checquered  and  unsightly,  as 
the  bottom  of  the  lake  supposed  above,  when 
first  emptied.  And  it  is  the  gradual  operation 
d[' -water  seeking  Us  level,  which  has  gradually  con- 
verted it  into  the  paradise  which  we  now  behold. 
'Hie  marks  of  the  former  state  of  tlie  world, 
and  of  the  progressive  change,  are  every  where 
most  strikingly  evident  to  the  enlightened  eye  of 
philosophy.  The  present  kingdom  of  Bohemia, 
lor  instance,  is  the  bottom  of  one  of  tlie  great 
lakes  which  once  covered  Europe.  It  is  a  basin 
■  or  amphitheatre,  formed  by  circular  ridges  of 
mountains,  and  the  only  gate  or  opening  to  it,  is 
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that  remarkable  one  by  which  the  water  escapes 
from  it,  and  which  has  evidently  been  .gradual^ 
cut  or  formed  by  tlie  action  of  a  running  stream. 
As  the  bottom  became  uncovered  by  the  sinkii^ 
of  the  water,  and  by  the  formation  of  a  regular 
sloping  channel  from  every  part,  the  former  lake 
was  converted  into  a  fine  and  fertile  country^  a  fit 
habitation  for  man ;  and  the  continued  drain  finom 
it  is  the  beautiful  river  which  we  now  call  the  Elbe. 

In  Switzerland,  even  now  many  of  the  vallies 
which  were  fon<if»l5f  lakes,  have  the  opening  fbr 
the  exit  of  water  so  narrow,  that,  as  happened  in 
one  of  them  a  few  years  ago,  a  mass  of  snow*  or 
ice  falling  into  it,  converts  the  valley  once  mote 
into  a  lake.  On  the  occasion  alluded  to,  the 
accumulation  of  water  within  was  very  rapid; 
and  although,  from  tlie  danger  foreseen  to  the 
country  below  if  the  impediment  should  suddenly 
give  way,  every  means  was  tried  to  remove  it 
gradually,  the  attempt  had  not  succeeded  when 
the  frightful  burst  took  place,  and  involved  all 
below  in  common  ruin. 

The  magnificent  Danube  is  the  drain  of  a  chain 
of  basins  or  lakes,  which  must  at  one  time  have  dis- 
charged or  run  over  one  into  another,  but  the  con- 
tinued stream  cutting  a  passage  at  last  low  enough 
to  empty  them  all,  they  are  now  regions  of  fertility, 
occupied  by  civilized  man,  instead  of  the  fishes 
which  held  them  formerly.  This  operatioa  is 
still  going  on  in  all  the  lakes  of  the  earth.  The 
lake  of  Geneva,  for  instance,  although  confined 
by  granite  rock,  is  cutting  and  lowering  its 
outlet,  and  the  surface  has   fallen   considerablv 
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witliin  the  period  of  accurate  observation  and 
records ;  and  the  wearings  of  the  neighbouring 
mountains,  brought  down  by  the  winter  torrents, 
are  filling  up  its  bed.  If  the  town  of  Geneva 
last  long  enough,  its  inhabitants  will  have  to  speak 
of  the  river  in  tlie  neighbouring  valley,  instead 
of  the  picturesque  lake  which  now  fills  it.  Al- 
ready several  other  towns  and  villages,  which  were 
close  upon  the  lake  a  century  ago,  have  tields  and 
gardens  appearing  between  them  and  the  shore. 

It  is  very  interesting  to  observe  and  account 
for  the  contrast  between  the  pure  blue  water  of 
the  Rhone  issuing  from  the  lake  of  Geneva,  and 
the  turbid  streams  which  join  its  course  a  littie 
farther  down.  The  torrents  which  fall  into  the 
lake  all  around,  are  generally  charged  with  the 
debris  or  wearings  of  the  mountains ;  but  in  the 
still  bosom  of  the  lake  they  deposit  all  their  load, 
and  the  pure  water  alone  escapes  to  form  the  river. 
On  the  other  hand,  the  streams  coming  to  the 
Rhone  directly  ti:om  the  Alps,  bring  their  charge 
of  broken-down  earth  with  them ;  and  even  after 
they  have  joined  it,  they  are  long  distinguishable 
by  their  muddy  waters.  It  is  the  mud  deposited 
in  the  way  described  which  is  gradually  filling  up 
this  and  other  lakes,  and  which  has  formed  the 
vast  regions  of  flat  countiy  found  about  the 
mouths  of  most  great  rivers, 

The  immense  continent  of  Australasia,  or  New 
Holland  (larger  than  Europe),  is  supposed  by 
some  to  have  been  formed  at  a  different  time  from 
what  is  called  the  old  world  ;  so  different  and  pe- 
culiar are  many  of  its  animal  and  vegetable  prt>- 
r3 
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dnctiom  ;  and  the  idea  of  a  later  formation  ie» 
ceiresi  some  countenance,  firom  the  immense  tracts 
of  marshj  or  impertectlj  drained  land  iHbkii 
have  been  discovered  in  the  interior,  into  wfaidi 
riven  flow,  but  which  seem  not  jet  to  have  worn 
down  or  formed  a  sufficient  outlet  or  dischaxgii^ 
channel  towards  the  ocean. 

Where  the  soil  or  country  throu^  which;  a 
water-track  passes  is  not  of  a  soft  consistence,  to 
allow  readily  this  natural  filling  up  of  hollows  hj 
deposited  sand,  and  the  wearing  down  of  higher 
parts^  lakes  and  great  irregularities  of  current  re- 
main. There  are,  for  instance,  the  line  of  lakes 
in  North  America,  the  rapids  of  the  St.  Lawrencfc^ 
and  the  stupendous  falls  of  Niagara,  where,  at  one 
leap,  the  river  gains  a  level  lower  by  one  hundi^ 
and  sixty  feet  A  softer  barrier  than  the  rock 
over  which  the  river  pours  in  these  places,  wotild 
soon  be  cut  through,  and  the  line  of  lakes  would 
be  emptied. 

The  contemplation  of  the  fact,  that  water  in 
seeking  its  level  is  constantly  wearing  where  it 
rubs,  and  carrying  the  abraded  portions  down  to 
lower  levels,  and  ultimately  to  the  bed  of  the  ocean, 
brings  irresistibly  the  awful  idea,  that  this  earthly 
abode  of  ours  can  have  but  a  limited  existence  in 
its  present  state,  owing  to  natural  causes  already 
in  operation.  No  shower  falls  that  does  not  send 
some  portion  of  mountain  or  plain  into  the  depths 
of  the  ocean,  and  thus  cause  a  corresponding  en- 
croachment by  the  rising  water ;  and  with  revolv- 
ing ages,  unless  new  convulsions  of  nature  dis- 
turb the  progress,  or  art  succeed,  as  in  J}ollaad» 
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and  near  the  months  of  some  other  great  rivers, 
to  shut  out  the  ocean  from  extensive  low  tracks 
by  means  of  sea  dykes  or  embankments,  the  dry 
land  must  at  last  disappear,  and  another  gradual 
but  general  deluge  must  embrace  the  globe. 

There  is,  perliaps,  uotliing  which  illustratea  in 
a  more  striking  manner  the  exact  accordance  of, 
nature's  phenomena  witli  the  few  general  expres- 
sions or  laws  which  describe  them  all,  than  the 
perfect  level  of  the  ocean  and  of  all  liquid  sur- 
faces. The  sea  never  rises  or  falls  in  any  place, 
even  one  inch,  but  in  obedience  to  these  laws,  and 
therefore  changes  may  generally  be  foreseen  and 
allowed  for.  For  instance,  the  eastern  trade- 
winds  and  other  causes  force  the  water  of  the 
ocean  towards  the  African  coast,  so  as  to  keep  tlie 
Red  Sea  about  twenty  feet  above  the  general 
ocean  level ;  and  the  Mediterranean  Sea  is  a 
Uttle  below  that  level,  because  the  evaporation 
from  it  is  greater  than  the  supply  of  its  rivers,, 
and  it  is  therefore  receiving  a  constant  supply  by 
the  Strait  of  Gibraltar :  but  in  all  such  cases  of 
exception  to  the  general  law,  the  effect  is  aa 
constant  as  the  disturbing  cause,  and  therefore 
can  be  calculated  upon  with  equal  couhdence. 

Were  it  not  for  this  perfect  exactness,  in  what 
a  precarious  state  would  tlie  inhabitants  of  the 
sea-sliores  and  of  the  banks  of  low  rivers  exist ! 
Pewof  tlie  inhabitants  of  London,  perhaps,  reflect 
when  standing  close  by  their  river  side,  and  gazing 
on  the  rapid  flood-tide  pouring  inland  through  their 
bridges,  that  although  sixty  miles  from  the  sea. 
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they  MW  ^phctd  as  knr  as  tfaoie  snE^p 

ikctf  winch  iwiiwuf  at  die  liaie  owr  be  MftcA  ia 

totang  waves,  and  coreied  vitk  vrecks  aad  Ae 

UfOWUtOgm 

'The  horrible  destmctioo  that  would  fJhm  aagr 
ahention  in  the  l€;vel  of  the  ocean,  m^  be 
judged  of  by  the  eflfecis  of  occasional  toodi^ 
whether  produced  by  lains  and  mdtii 
the  interior  of  countries,  or  by  these 
w^ith  the  effect  of  winds  and  higfa  tides  on  the 
coast  The  flood  at  St.  Petersbuigfa,  in  1889; 
was  dreadful^  in  which  strong  westeriy  winds  bad 
retarded  the  flow  of  the  river  so  much  that  ibe 
water  rose  forty  feet  above  its  usual  mark,  covered 
all  the  low  parts  of  the  town,  and  destroyed 
thousands  of  human  beings. 

In  Holland,  which  is  a  low  flat,  formed  chiefly 
by  the  mud  and  sand  brought  down  by  the  Rhine 
and  other  neighbouring  rivers,  much  of  the  coun- 
try is  really  below  the  level  of  the  common  spring 
tides,  and  is  only  protected  from  constant  inun- 
dations by  artificial  dykes  or  ramparts,  made 
strong  enough  to  resist  the  ocean.  What  awfid 
uncertainty  would  hang  over  the  existence  of  the 
Dutch,  if  the  level  of  the  sea  were  subject  to 
change :  for  while  we  know  the  water  of  the 
ocean  to  be  seventeen  miles  higher  at  the  equator 
than  at  the  poles,  owing  to  the  centrifugal  force 
of  the  earth's  rotation  ;  were  the  level,  as  now 
established,  from  any  cause  to  be  suddeidy 
changed  but  ten  feet,  millions  of  human  beings 
would  be  the  immediate  victims. 

Where  the  inundation  is  regularly  periodical^ 
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as  in  the  Nile,  the  hurtliil  effects  can  he  guardedi 
against,  and  the  event  even  becomes  useful  byi  I 
fertilizing  the  soil.  n 

Tracts  of  land  situated  in  contact  with  rivers, 
and  between    the  levels  of  ebb    and  flood  tide,,  ] 
may  be  kept  constantly  covered  with  water,  by, 
surrounding  them  with  dykes,  and   opening  tlie. 
sluices  at  high  water  only ;  or  they  may  he  kept)  1 
constantly  drained  by  opening  the  sluices  only  ati  j 
low  water.     Immense  extent  of  rice  fields  near  the; 
mouths  of  rivers  in  India  and  China,  are  managed  _ 
in  this  way,  tlie  admission  or  exclusion  o£  wates  3 
depending  on  tlie  age  of  the  rice  plant. 

"  If  various  tubes  and  vesseh  communicate  -with  each  \ 
other,  Jluid  admitted  to  than  will  rise  to  the  same  \ 
level  in  all."     (Read  the  analysis,  p.  226.J 

The       adjoining  j 
sketch    may  reprer  ] 
sent     a    variety   oif  I 
tubes    and    vesseUf  ^ 
fixed  upon  and  aU 
opening  to  the  box  \ 
G.     Water  poured  into  any  one  would  fill  the  boK, 
and  would  then  rise  to  the  same  level  in  all.     Th^  j 
dotted  lines  from  a  to  ,/^  may  represent  the  surfaces  J 
of  the  fluid  in  the  different  vessels.     In  the  figure 
at  page  Si»i9,  it  was  seen  why  in  all  upright  cylin- 
drical vessels,  ts  a  b  e,  the  fluid  rises  to  the  sara^ 
level,  and   the  figiu-e  at  p.  239,   explained  why  | 
shape  or  incUnation  of  vessel  cannot  aflect  thft  \ 
level.     Although  in  the  vessel  c,  there  is  more 
water  than  in  a,  still  there  is  the  same  pressure  at  j 
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the  bottom  of  both,  because  c  supports  part  of 
the  weight  of  its  contained  fluid  on  the  prindfde 
of  the  inclined  plane. 

If  a  tube  twenty  miles  long,  and  rising  and 
descending  among  the  inequalities  of  a  countiy^ 
were  filled  with  water,  and  could  then  have  its 
ends  brought  together  for  comparison,  it  would- 
exhibit  two  stufaces  having  precisely  the  samt 
level,  and  either  end  being  raised,  the  fluid  woidd 
run  over  at  the  other.  : 

A  projector  thought  that  the  vefr 

a/ ::\  Yl  3  ^^1  ^^  ^^®  contrivance,  represented^ 

here,  was  to  solve  the  renowned  pro. 
blem  of  the  perpetual  motion.  The 
vessel  a  is  goblet-shaped,  lessening 
gradually  downwards  until  it  becomes  a  tube, 
which  is  then  bent  upwards  at  c,  and  points  with 
an  open  extremity  into  the  goblet  again.  He 
reasoned  thus  :  A  pint  of  water  in  the  goblet  a^ 
must  more  than  counterbalance  an  ounce  which 
the  tube  b  will  contain,  and  must  therefore  push 
the  ounce  forward,  and  keep  up  a  stream  or  cir- 
culation :  and  this  will  cease  only  when  the  water 
dries  up.  He  was  counfounded  when  a  trial 
shewed  him  the  same  level  in  a  and  in  b. 

An  easy  mode  of  deter- 

d^ R&   mining  a  level  line  at  any 

spot  is  to  have  an  open  tube, 
bent  up  at  its  ends,  and  nearly  filled  with  some 
fluid :  by  then  looking  along  the  two  surfaces,  ait 
observer  looks  in  a  line  quite  horizontal. 

If  there  were  two  lakes  on  adjoining  hills  =<^ 
diflerent  heights,  a  pipe  of  communication  de^ 


Bcending  across  the  valley,  would  soon  bring 
them  to  the  same  level ;  or  if  one  were  much 
lower  than  the  other,  it  would  empty  the  one  into 
the  other. 

A  glass  tube  inserted  into  tlie  bottom  of  an 
open  cask  or  cistern  of  any  sort,  and  then  bent 
upwards,  and  appearing  on  tiie  outside  like  a 
l>arometer  tube,  shews  by  the  elevation  of  the 
fluid  in  it,  the  height  of  the  liquid  within. 

In  like  manner  a  tube  brought  from  a  river 
into  a  neighbouring  cellar  or  pit,  indicates  the 
height  of  the  water  in  the  river. 

A  knowledge  of  the  truth,  that  water  in  pipes 
will  always  rise  again  to  the  height  or  level  of  its 
source,  has  enabled  us  in  modern  times  to  con- 
stnict  those  admirable  systems  of  iron  pipes, 
which  distribute  water  in  our  great  towns.  The 
water  being  brought  to  any  elevated  site  in  or 
near  the  town,  may  be  delivered  from  a  reservoir 
tliere,  by  the  effect  of  gravity  alone,  to  every 
cistern  which  is  under  the  level  of  the  reservoir, 
and  the  result  is  not  affected  by  the  conveying 
pipes  having  to  rise  over  heights  and  to  descend 
into  vallies  many  times  in  their  course. 

On  the  hill  north  of  London,  on  which  Pen- 
tonville  stands,  tliere  is  a  reservoir  to  which 
water  is  brought  from  Hertfordshire,  by  a  channel 
cut  for  the  purpose  upwards  of  thirty  miles  in 
length,  and  called  the  New  River.  Another  re- 
servoir has  been  very  lately  constructed  near 
Primrose  Hill,  by  the  West  Middlesex  Water 
Company;  it  is  higher  than  any  house  in  town.  It 
is  filled  by  the  operation  of  steam  engines  at  the 
company's     works  at    Hammersmith,    five    miles 
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efF.  It  will  supply  water  to  the  summits  of  all 
the  houses  connected  with  it,  and  may  be  ex- 
ceedingly useful  in  cases  of  fire. 

Many  have  believed  that  the  ancients  were 
ignorant  of  the  law,  that  fluid  in  pipes  will  rise 
to  the  level  of  its  source,  because  in  all  the  ruins 
of  their  aqueducts,  the  channel  is  a  regular  slope. 
Some  of  these  aqueducts  as  works  of  magnitud^^ 
are  inferior  only  to  the  great  wall  of  China,  bt 
the  Egyptian  Pyramids ;  yet  at  the  present  diay, 
a  single  pipe  of  cast-iron  is  made  to  answer  the 
same  purpose  just  as  perfectly.  It  is  now  ascel^' 
tained,  however,  that  it  was  not  ignorance  of  the 
principle,  but  want  of  fit  material  for  making  thci 
pipes,  which  cost  our  forefathers  such  enormous 
labour. 

The  supply  and  distribution  of  water  in  a  large 
city,  since  the  steam  engine  was  added  to  the  ap- 
paratus, approaches  closely  to  the  perfection  of 
nature's  pwn  work  in  the  circulation  of  blood 
through  the  animal  body.  From  a  general  reser- 
voir a  few  main  pipes  issue  to  the  chief  divisions 
of  the  town ;  these  send  suitable  branches  to  every 
street,  and  the  branches  again  divide  for  the  lanes 
and  alleys ;  while  at  last  into  every  house  a  small 
leaden  conduit  rises,  and  if  required,  carries  its 
precious  freight  into  every  apartment,  where  it 
yields  it'  to  the  turning  of  a  cock.  A  correspond- 
ing arrangement  of  drains  and  sewers,  ccmstructed 
with  the  greatest  exactness  in  obedience  to  thie 
law  of  level,  carries  the  water  away  again  when 
it  has  answered  its  purposes,  and  sends  it  to  be 
purified  in  th^  great  laboratory  of  the  oceafi. 
And  sa  admirably  complete  and  perfi^ct  is  this 
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counter  system  of  sloping  channels,  that  witliiii  tlie 
space  of  an  hour,  a  heavy  shower  may  fall,  and 
ailer  washing  and  purifying  every  superficial 
spot  of  the  city,  and  sweeping  completely  all  the 
subterranean  passages,  it  may  again  be  collected 
in  the  river  passing  by.  It  is  the  recurrence  of 
this  almost  miracle,  of  extensive,  sudden,  and 
perfect  purification,  which  has  made  London  the 
most  healthy,  although  the  largest  city  in  the 
world. 

Englisli  citizens  have  now  become  so  habituated 
to  the  blessing  of  a  supply  of  pure  water  more 
than  sufficient  for  all  their  purposes,  that  it  causes 
them  no  more  surprise  than  the  regularly  return- 
ing light  of  day  or  warmth  of  summer.  But  a 
retrospect  into  past  times  awakes  us  to  a  sense  of 
our  obligation  to  advancing  art.  How  often  have 
periodical  pestilences  arisen  from  deficiency  of 
water,  and  accumulation  of  impurities ;  and  how 
often  have  whole  cities  been  devoured  by  fire, 
which  a  timely  supply  of  water  might  have  saved ; 
and  kings  have  been  accounted  worthy  of  almost 
divine  honours  for  having  constructed  an  aque- 
duct to  lead  the  pure  stream  from  the  moun- 
tain to  the  peopled  towns,  &c.  In  the  present 
day,  he  who  has  travelled  on  the  sandy  plains 
of  Asia  or  Africa,  where  a  well  is  more  prized 
than  mines  of  gold — or  he  who  has  spent  months 
on  ship-board,  where  the  fresh  water  is  often 
doled  out  with  more  caution  than  the  most  pre- 
cious product  of  the  still — only  he  can  appreciate 
fully  the  blessing  of  that  abundant  supply  which 
most  of  us  now  so  thoughtlessly  enjoy. 
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The  subject  ofjhud  leoel  leads  to  the  consideration 
of  springs  or  wells,  and  the  operation  of  horvag 
for  water. 

The  water  which  falls  from  the  clouds  may 
either  find  its  way  directly  to  the  rivers,  by  run- 
ning along  the  surface  of  a  soil  that  refuses  it  ad- 
mittance ;  or  it  may  sink  into  loose  porous  earth, 
and  again  ooze  from  it  in  some  lower  situation  in 
the  form  of  a  spring.  If  a  hole  or  pit  be  dug  in 
such  earth,  to  below  the  level  of  the  water  lying 
in  it,  the  pit  will  soon  fill  with  water  up  to  such 
level,  and  will  be  called  a  well.  Sometimes  the 
level  of  the  subterranean  water  is  very  low,  and 
in  many  places  there  is  none  within  an  accessible 
distance,  by  reason  of  there  being  an  easy  drain- 
age towards  the  sea,  or  of  the  soil  being  altogether 
impermeable  to  water. 

The  surface  of  our  globe  is  formed  of  difierent 
strata  or  layers,  as  of  clay,  chalk,  sand,  &c.  &c., 
which  appear  all  to  have  been  at  some  former 
period  horizontal,  and  probably  under  water,  and 
to  have  been  afterwards  thrown  up,  by  some  con- 
vulsion of  nature,  in  every  variety  of  state.  In 
particular  situations,  the  upper  surface  is  of  basin 
shape,  and  then  the  strata  or  layers  are  as  cups  or 
basins  placed  one  within  another ;  and  as  water 
poured  in  between  two  porcelain  basins  so 
placed,  until  it  reaches  their  lips,  would  spring 
out  by  any  hole  made  through  the  side  of  either, 
so  in  boring  for  water  through  the  innermost  water- 
tight stratum  or  basin  of  earth,  the  water  springs 
out  and  rises  to  the  surface.     London  stands  in 
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a  basin  ol"  clay  placed  over  chalk,  aud  on  boring 
Uirough  the  clay  (sometimes  of  three  hundred 
ieet  thickness),  the  water  issues,  and  will  often 
rise  considerably  above  the  surface  of  the  ground, 
shewing  that  tliere  is  a  much  higher  source 
or  level  somewhere — probably  among  the  Surrey 
hills  and  those  north  of  London. 

When  fluids  of  different  kinds,  and  of  different 
weightsunder  the  samebuIk,arematleto  act  against 
each  other  in  communicating  vessels — as  water,  for 
instance,  in  one  leg  of  the 
i*   bent  tube  b  d  c,  and  oil  in 

■/      the  other,  tlie  surfaces  will 

if  not  be  at  the  same  height 
/  or  level,  but  that  of  the 
/  lighter  fluid  will  be  just  as 

f'  mucli  higher  than    that  of 

the  other  as  it  is  lighter. 
Thus  the  column  of  oil  must 
be  of  a  length  as  o  rf,  to  ba- 
lance the  column  of  water  -w  d.  And  to  balance 
the  same  water,  alcohol,  hecause  lighter  than  oil, 
would  have  to  stand  higher  still,  as  at  a  ;  and  mer- 
cury, hecause  thirteen  times  weiglitier  than  water, 
would  stand  only  at  m.  The  shape,  size,  or 
jiosition  of  the  vessels  in  which  the  opposing 
fluids  might  stand,  would  have  no  influence  on 
the  relative  height  of  the  surfaces;  and  if  we  sup- 
pose a  larger  vessel,  such  as  represented  by  the 
dotted  hues  here,  to  replace  the  leg  c  d  of  the  tube, 
the  various  fluids  to  balance  the  water  in  h  d,  would 
have  to  stand  just  as  high  in  it  as  in  the  smaller 
tube  c  d. 


tBb  aromunATus^ 


*^  A  hhdg  mmtrwd  m  mjmi  rfi'ifjiiii-  cmObfiU 

^^Vv'^V      ^^BBp^»        tS     ^^   #      •■^BHB      iBv     a^lHv     ^^HBiB      mB^Bb    ^#^B^B    ^H^^^^ 

the  Jmtt  which  m$iaimtfl  iht  Jhai,  and  iimmM 
mik  €0r  mim  aecwxBmg  as  ii  u  hemiar  or  ^Uir 
OumiUbM  qfJbodT 

A  bladder  full  of  air,  and  having  the  bulk  of 
a  pound  of  water,  requires  farce  ei  one  pound 
(except  a  grain  or  two,  the  weight  ei  the  air)  to 
plunge  it  under  water.  The  same  bulk  of  gcdd  u 
held  up  in  water  with  exactly  the  same  force,  and 
if  xui^pended  from  a  weighing  beam,  it  is  fimnd 
then  to  have  lost  one  pound  of  its  weight.  And 
a  piece  of  wood,  ivory,  or  any  other  substanct^ 
provided  it  has  exactly  the  same  bulk,  is  opposed 
by  the  same  resistance  on  entering  the  fluid* 
The  reason  of  this  is  obvious.  In  a  vessel  of  water, 

represented  here  b^^  a  6,  let 
us  attend  to  any  portion  of 
^  the  water,  such  as  a  single 
column  of  particles  repre- 
sented by  the  line  c  d:  we 
know  that  such  column  is  steadily  supported  in 
its  place,  because  the  surface  of  the  liquid  imme- 
diately under  it  is  tending  upwards  to  escape  from 
the  surrounding  pressiu'es,  with  force  exactly 
equal  to  its  weight ;  and  what  is  true  of  a  column 
of  single  particles,  is  true  of  any  other  portion, 
such  as  the  larger  column  represented  by  the 
figure  jTA  g.  If  such  portion  weighed  exactly  a 
pound,  the  surface  under  it  would  be  tending  up- 
wards with  the  force  of  a  pound ;  and  if  the  poir- 
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tioti  were  to  become  ice,  without  changing  its 
bulk  or  form,  it  would  still  be  exactly  supported 
by  tlie  surface  below  pressing  upwards  with  force 
of  a  pouitd ;  and  if  the  column  were  of  wood, 
stone,  or  metal,  the  surrounding  pressures  would 
be  in  no  degree  different.  Again,  if  wc  suppose 
only  hali'  the  column  to  be  solidilied  in  tlie  po- 
sition k  g,  it  would  still  be  pressed  upwards  with 
a  force  of  one  pound  at  g  ;  but  its  own  weight  of 
half  a  pound,  and  the  weight  of  the  half  pound 
of  water  above  it,  would  produce  an  exact  balance 
and  raaintain  rest. 

It  is  very  important  to  liave  clear  notions  on 
this  subject ;  and  as  different  minds  apprehend 
with  diflcrent  degrees  of  facility,  and  in  different 
ways,  I  shall  state  the  same  general  truth  in  other 
words. 

Let  us  regard  a  mass  of  fluid,  as  consisting  of 
a  va-st  number  of  extremely  minute  columns  of 
single  particles  of  tlie  fluid,  standing  side  by  side, 
and  every  particle  supporting  those  above  it 
by  the  tendency  upwards,  which  it  has  througli 
the  pressure  of  the  surrounding  fluid  down 
to  its  level.  Now  if  we  suppose  the  particles 
of  any  portion  of  the  fluid  mass,  of  any  shape, 
to  stick  together  or  to  become  ice  without  chang- 
ing their  bulk  or  weight,  tliat  portion  when  solid 
would  still  be  between  the  same  forces  as  when 
fluid,  and  therefore  would  be  equally  supported, 
and  would  remain  at  rest  And  ii'  gold,  or  sUver. 
or  glass,  or  wood,  having  the  same  bulk,  were 
substituted  for  the  supposed  ice,  such  new  sub- 
stance  would  still  be  sustained   with  the  same 
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force ;  so  that  if  it  were  of  exactly  the  sftoie 
weight  as  the  ice  or  water  displaced,  it  wouM 
haive  no  tendency  either  to  rise  or  to  faU,  moft 
than  the  water  itself  had ;  but  if  it  were  heavier 
it  lurould  sink,  and  if  lighter  it  would  swim,  trtitll 
in  either  case  with  force  exactly  proportioned  tb 
the  difference  between  its  weight  and  that  of 'ftti 
equal  bulk  of  water. 

Few  persons,  in  reading  for  the  first  time  thie 
fitatement  of  this  simple  and  now  obvious  troth, 
would  imagine  that  it  expresses  one  of  the  mosrt 
important  discoveries  which  human  sagacity  his 
fallen  upon.  It  was  made  by  one  of  the  niaster 
minds  of  antiquity — that  of  Archimedes,  while  his 
Umbs  were  resting  on  the  liquid  support  of  a  hfi^ ; 
and  as  his  godlike  intellect  darted  into  ftitutily, 
and  perceived  many  of  the  important  uses  to 
which  the  knowledge  was  applicable,  he  is  said  to 
have  become  so  wrapt  in  admiration  and  delight, 
that  he  leapt  from  the  water,  and,  unconscious 
of  his  nakedness,  pursued  his  way  homewards, 
calling  out  *^  sufjjK^,  sv^Kcxy*^  I  have  found  it.  He 
was  thinking  chiefly  of  the  ready  means,  hence 
obtained,  of  ascertaining  in  all  cases  what  hils 
since  been  called  the  specific  gravity  of  bodies, 
viz.  the  comparative  weights  of  the  same  bulk  of 
different  substances,  as  of  gold  compared  with 
silver,  or  copper,  or  iron,  &c. ;  and  in  the  case 
of  mixtures,  as  of  gold  with  silver  for  instance,  of 
saying  at  once  what  proportion  is  present  'ftf 
each  -^— a  problem  which,  until  then,  there  was  iio 
ebrrect  means  of  solving. 

The  hydrostatic  law  now  explained,  has-itftice 


FLUrD  SUPPORT SPECIFIC  GRAVITV.  ^ 

become  a  chief  foiuidation  of  chemistry,  and  cau^^ 
of  improvements  in  navigation,  in  marine  architep^a 
ture,  and  in  many  other  arts.     By  it  tlie  chemia^  -f 
distinguishes  one  substance  fi'om  another,  a  pur^  i 
substance  from  an  impure  one,  and  the  nature  o^  | 
mixtures    or    compounds ;    the    merchant   oilt^ 
judges  by  it  of  the  worth  of  his  merchandize  j  an^ 
in  any  case  it  enables  an  inquirer  to  ascertain  a^  I 
once  the  exact  size  or  aohd  bulk  of  a  mass,  how- 
ever irregular. 

We  shall  now  discuss  more  particularly  the  sub* 
ject  of  comparaiive  xveights  or  specific  gravities. 

"  Tlte  force  with  which  a  body  is  held  up  in  ajlmk- 

being  llie  exact  weight  of  ils  bulk  of  tliat  Jlvid, 

by  comparing  this  with  the  -weight  of  the  body 

itself  tlie  comparative  weights  or  specific  gej- 

yiTiEs  are  Jound."  ( Read  Ihe  analysis,  page  926.) 

If  any  body  c,  a  mau 

of  gold    for  instance* 

be     suspended    by    a 

thread  or  hair  fi'om  the 

bottom  of  one  scale  b 

of  a   weighing    beam, 

and   be  then  balanced 

by  weights  put  into  thp 

other  scale  a^  and  If  a 

vessel  of  water  be  then 

lifted  upder  it  30  tii^t 

the  water  shall  surround  it,  the  body  is  pushed  up 

or   supported  by  the    water   with  force    equal  tp 

the  weight  of  the  water  which  it  displap^;  the 

weight,  therefwe,   no^w  .^eqiiired  in  the  s«ile  i 

s-2 
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to  restore  the  balance,  is  truly  the  exact  weight  of 
the  water  displaced ;  or  of  water  equal  in  bulk  to 
the  body;  and  the  weights  in  the  two  opposite 
scides  shew  the  comparative  weights  of  a  given 
bulk  of  gold  and  of  'water.  Suppose  the  piece  of 
gold  in  the  pi'esent  case  to  weigh  in  the  air  19^ 
ounces,  or  pounds,  or  grains^  it  would  lose,  when, 
the  water  surrounded  it,  one  ounce,  or  pound 
or  grain,  that  is,  the  water  would  support  it  with 
this  force,  and  therefore  gold  would  be  proved 
19^  times  as  heavy  as  water. 

It  was  necessary  to  select  a  common  standard 
with  which  all  other  things  should  be  compared^ 
and  this  has  been  done  in  choosing  water ;  the 
reasons  of  preference  being,  that  water  can  be  so 
easily  procured  in  a  state  of  purity,  and  therefore 
of  uniformity,  in  all  situations.  When  we  say, 
therefore,  that  gold  is  of  the  specific  gravity  19,. 
and  copper  10,  and  cork  ^,  we  mean  that  these 
substances  are  just  so  much  heavier  or  lighter  than 
their  bulk  of  pure  water  at  the  temperature  of  60" 
degrees  of  Fahrenheit's  thermometer. 

As  the  substances  in  nature  are  various  in  fonn. 
and  kind,  corresponding  differences  in  the  manner 
of  ascertaining  specific  gravities  are  required :  the 
fi^owing  are  the  most  important. 

Solid  bodies  insoluhle  in  water  and  heavier  than 
it,  as  the  metals,  &c.  are  merely  suspended  by 
thread  or  a  hair  which  has  nearly  the  specific 
gravity  of  water  to  one  scale  of  the  hydrostat»c 
balance  (this  may  be  described  simply  as  -  a 
weighii^  beam  furnished  with  a  water  vessel 
below  it)  and  the  body  being  first  balanced  or 
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weighed  in  the  air,  and  then  in  water  as  already  j 
described,  the  weights  in  tlie  opposite  scales  are  I 
the  weights  of  equal  bulks  of  the  two  substances;  I 
and  by  finding,  through  the  arithmetical  oper^  I 
lion  of  division,  how  often  the  weight  of  the  watftp  I 
is  contained  in  the  weight  of  the  solid,  we  find  I 
the  specific  gravity  of  the  solid,  or  how  much  i^  I 
is  weightier  than  its  bulk  of  water. — It  is  almost  I 
superfluous  to  remark,  that  putting  weights  into  I 
the  scale  b,  or  taking  them  out  of  the  scale  a,  ar^  I 
equivalent  operations.  -|  I 

Solids  lighter  than  water,  as  cork,  are  weighed  I 
in  it,  by  attaching  to  them  a  mass  of  metal  or  glas^  I 
already  balanced  in  water  for  the  purpose,  which 
may  cause  them  to  sink  j  or  by  making  the  line 
which  connects  them  with  the  weighing  beam  pass 
under  a  small  fixed  pulley  at  the  bottom  of  the 
vessel,  so  that  the  rising  of  the  end  of  the  beam 
may  draw  them  down. 

A  solid  soluble  in  water,  as  a  crystal  of  any  salt^ 
either  may  be  protected  by  previously  dipping  it 
in  melted  wax  so  as  to  leave  a  thin  covering  on  it, 
or  may  be  weighed  in  some  liquid  which  does  not 
dissolve  it,  allowance  being  made  afterwards  for 
the  difference  between  such  liquid  and  water. 

Powders  insoluble  in  water,  such  as  gold-dust, 
are  weighed  in  a  glass  cup,  which  has  been  pre- 
viously balanced  in  water  for  its  purpose. 

Powders  soluble  in  water  must  be  weighed  in 
some  other   liquid.      Mr.  Leslie,   the  highly  en- 
dowed professor  of  natural  philosophy  in  the  uni- 
versity of  Edinburgh,  has  lately  suggested  a  novel 
s  3 
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tad  most  ingenious  mode  of  asceitainii^  di6  sp^ 
dfic  gravities  of  pulverized  or  porous  bodied; 
but  it  can  only  be  understood  by  perscHMl  sxs 
qnainted  with  the  doctrines  of  pneumatics,  tod 
Ae  consideration  of  it  must  therefore  be  delayed. 

Other  Bqtttds  may  be  compared  with  water,  as 
to  their  weight,  in  several  ways. 

1st  If  a  phial  be  made  to  hxAA  exactly  one 
tiiousand  grains  of  water,  the  wei^t  of  the  siikitfr 
measure  of  any  other  Hquid  is  found,  by  flfli^ljr 
filling  the  phial  and  weighing  it  Of  su^phtbil: 
acid,  for  instance,  such  a  phial  wiH  tMiiain 
nearly  nineteen  hundred  grains,  whfl^  of  jdecAoi 
it  will  receive  only  about  eight  hundred.  2d. 
A  bulb  of  glass,  which  loses  one  thouitiid 
giiins  when  weighed  in  water  (which  thousand 
l^rains  is  therefore  the  weight  of  its  bulk  of  wattf), 
may  be  weighed  in  other  liquids,  and  the  difl^ 
rence  of  loss  gives  the  specific  gravity,  as  in  fhfe 
list  case. — The  bulb  may  be  of  any  size,  but  one 
which  loses  exactly  one  thousand  grains  is  pre- 
ierable,  from  the  simplicity  thereby  given  to  thfe 
calculations.  The  same  remark  applies  to  th^ 
]Aial  last  mentioned,  dd.  A  contrivance  which 
renders  die  beam  and  scales  altogether  unnec^ 
^  sary,  is  a  hollow  bulb   of  glass   or 

metal  a,  with  a  slender  stalk  rising 
from  it,   and    supporting  the  little 

/a\\    scale  or  dish  hy   and  with  another 

\      J\     stalk  descending  to  carry  Ae  we^ht 
][     I      or  weights  at  c,  which  serve  asbddllM; 

[  fm^l      to  it  when  floating.     The  whole  is 
adjusted   to  float  in  pure  water,  so 
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that  a  certain  mark  upon  the  upper  stalk,  shalj^ 
be  at  the  surface  of  the  water.  By  then  iin- 
tnersing  it  in  other  liquids,  and  by  finding  | 
how  much  weight  must  be  added  to  it  in  th? 
bttle  scale  above,  or  taken  Irom  its  load  below, 
to  make  it  float  at  the  same  elevation,  the  com- 
parative weights  of  these  other  liquids  and  of  j 
water  are  found;  or  the  difference  of  weight 
which  makes  it  float  at  different  elevations,  having 
been  previously  ascertained,  it  wdl  only  be  necesr 
sary  to  note  exactly  the  elevation.  This  instru- 
ment is  called  an  hydrometer.  There  are  generally 
printed  tables  and  directions  accompanying  aJl 
forma  of  it,  to  tell  the  exact  import  of  the 
aeveral  indications  for  different  liquids,  and  ' 
the  allowances  required  for  temperature,  &c. 
4th.  The  shortest  mode  of  ascertaining  the  spe- 
cific gravity  of  hquids,  is  to  have  small  glaw 
bubbles,  forming  a  set  or  series  of  difterent 
specific  gravities,  so  that  when  thrown  into  any 
Uquid,  those  heavier  than  it  will  sink,  and  those 
lighter  will  swrn,  and  that  one  which  marks  ita 
specific  gravity  will  just  be  suspended.  The  in- 
dividuals of  the  series  must  of  course  be  num-  ■ 
bered,  and  the  specific  gravity  of  each  known. 

A  common  use  of  hydrometers  is  to  ascertain  ' 
the  quality  of  the  distilled  spirits  brought  to  . ' 
market,  as  rum,  brandy,  gin,  &c.  All  these 
consist  oi  alcohol  more  or  less  diluted  with 
water,  and  duty  or  tax  is  paid  upon  them  in 
proportion  to  the  strength,  or  the  quantity  of 
alcohol    which    they    contain.       A    deUcate    by- 
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drometer  disco\'ers  this  at  cMoce  with  the  greatest 


A  shopkeeper  in  China  sold  to  die  purser  of  a 
ship»  a  quantitT  ct  distilled  ^liiit  according  to  a 
sample  shewn ;  but»  not  standing  in  awe  of  con- 
science,  he  afterwards*  in  the  |»ivacTof  his  sbne- 
hou^e,  added  a  certain  quanurr  of  water  to  each 
cask.  The  article  havine  been  ddiToed  on  board, 
and  tried  bv  rhe  hvdrometer,  was  discovered  to  be 
wanting  in  strength.  When  the  Tender  was  lirBt 
charged  with  the  intended  fiaud,  he  denied  it ; 
but  oa  the  exact  quantitT  of  water  which  had 
be^d  mixed  beiiiig  specified*  he  was  coofbonded, 
for  he  knew  of  no  human  means  which  could  have 
made  the  discovery,  and  he  con&ssed  his  ragnefj, 
and  made  ample  amends.  When  the  instramenft 
was  afterwards  shewn  to  him,  he  ofiered  anj  pnoe 
fiMT  what  he  foresaw  might  be  turned  to  good 
account   ia   his  trade. 

T!ie  soeciric  tir^^-it^-  of  .:erir^nn  subtimmces  is 
ascerrjineti  bv  raearus  of  a  sJas?  lia^k  of  known 
size,  with  a  >ti^xxvk.  This  is  first  weighed 
when  emptied  by  the  air-pii3cp^  ^iJsA  afterwards 
when  tiiled  s*:cces^iveiv  with  wticer  and  with  the 
di5erent  air?  c>r  ^a^es.  CofcparisoQ  of  the  weigfats 
ffi^-es  the  specrdc  srravitie^  j:>  alxeadv  described. 

The  tl^owtE^  t^We  ^^lews  in  round  Bombers 
the  comxxtntrive  weights  or  ^Decfidkr  i^iaiities  of 
5orae  coryrmoD:  <ub:>rjJioe^  Water  is  the  standard 
kept  in  \-iew.  ami  any  equal  bulk  oi  tite  odier 
5ub?>tance>  is  heaWer  or  Ksrhter  than  water  accord- 
injr  zo  the  numbers  ^veralU  attached  to  them. 
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RatiDum    22^ 

GoLd 19^ 

Mercury    13^ 

Copper  8| 

Steel  and  Iron    8 

DiamoDd    3{ 

Glass     3 

Common  Stones    2| 


Common  Salt    ; 2 

Brick       2 

Alcohol ^ 

JEther    } 

Cork  J 

Atmospheric  Air  -rh 

Hydrogen  Gas  ivW 


Complete  tables  are  found  in  Systems  or  Dic- 
tionaries of  Chemistry. 

A  cubic  foot  of  water  happens  to  weigh  one 
thousand  ounces  avoirdupois.  Hence  in  the  fore- 
going table  the  figures  denoting  the  specific  gra- 
vities, teU  how  many  thousand  ounces  of  the 
diflerent  substances  a  cubic  foot  contains.  Gold, 
for  instance,  nineteen  thousand  ;  common  air  only 
little  more  than  one  ounce ;  and  hydrogen  gas, 
the  lightest  of  ponderable  things,  less  than  a 
drachm. 

The  following  facts  are  further  illustrations  of  the 
truth  that  a  body  immersed  in  a  fluid,  is  held  up 
or  resisted  with  force  equal  to  the  weight  of  the 
quantity  of  fluid  which  it  displaces. 

>  •  A  stone  which  on  land  requires  the  strength  of 
two  men  to  lift  it,  may  be  lifted  in  water  by  one 
man.  There  are  cases  where  the  support  of  water 
obtained  in  this  way  is  equivalent  to  the  assistance 
of  an  additional  hand. 

■  The  invention  of  the  diving  bell  in  modern 
limes,  having  enabled  men  in  the  building  of  piers, 
bridges,  &c.  to  work  under  water  almost  as  freely 
as   above  its  surface,  it  always   surprises   work- 
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men  at  first,  to  find  that  they  can  move  much 
larger  and  heavier  stones  down  below  than  in 
the  air.  In  recovering  property  from  a  sunken 
9hip  by  the  diving  bell,  every  thing  is  found  to  be 
lighter  in  the  proportion  just  stated. 

Tliis  law  explains  also  why  stones,  gravel,  and 
sand,  are  so  easily  moved  by  waves  and  currents. 
Many  people  expressed  astonishment  in  Match 
1825,  on  learning  that  at  the  Plymouth  Break* 
water,  the  storm  had  displaced  blocks  of  stone, 
of  many  tons  weight ;  but  we  now  see  that  thQ 
moving  water  had  only  to  overcome  about  half 
the  weight  of  the  stone. 

When  a  person  lies  in  a  bath  exte^ed  bori-r 
sontally^  the  limbs  are  very  nearly  supported  by 
the  water  without  any  exertion  on  the  part  of 
the  individual.  If  this  softest  of  all  beds  be  in*- 
dulged  in  for  half  an  hour  or  more,  on  fir^t  lifting 
a  limb  out  of  the  water  the  party  feels  surprise  at 
its  great  apparent  weight.  The  workers  about 
diving  bells  always  experience  the  sensation  now 
spoken  of  on  returning  to  the  air. 

The  bodies  of  most  fishes  are  nearly  of  the 
specific  gravity  of  water,  and  therefore  if  inactive 
they  sink  or  rise  very  slowly.  When  this  subject 
was  less  understood,  it  was  commonly  said  that 
fishes  had  no  weight  in  their  own  element, 
and  it  is  related  as  a  joke  at  the  expense  of 
philosophers,  that  when  a  king  once  proposed  it  as 
a  question  to  his  men  of  science,  to  explain 
this  extraordinary  fact,  many  profound  disquir 
sttions  came  forth,    but  not  one  of  the  corns- 
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Its  thought  of  trying  whetlier  it  rcaUj  was  a 
fact.  At  last  some  simple  man  balanced  a  vessd 
of  water  in  scales,  and  when  he  put  a  fish  into  it, 
the  scale  preponderated  just  as  rtiuch  as  if  the 
fish  had  been  weighed  alone. 

In  the  sense  now  explained,  water  is  said  to 
have  bo  weight  in  water.  The  least  force  will 
raise  a  bucket  of  water  froni  the  bottom  of  a 
well  to  the  surface  of  it ;  but  if  the  bucket  be 
hfted  at  all  fartlier,  the  weight  is  felt,  and  just  in 
proportion  to  the  part  of  it  which  is  above  the 
surface. 

"  A  body  lighter  than  its  bulk  of  "waler  will  Jloat, 
and  with  force  proporlioned  to  (he  d^ereTice." 
(Read  the  analysis,  p.  22GJ 

Itt I  The  reason  of  this  is  clear, 
4— p If  anj  body,  the  cylinder  a,  b^ 
e! — \a  I  c,  d,  for  instance,  be  partially 
immersed  in  water,  we  know 
that  the  upward  pressure  of 
the  water  on  the  bottom  c  d,  is  exactly  what 
would  support  the  water  displaced  by  the  body, 
(72.  water  of  the  bulk,  efc  d.  The  body  there* 
fore,  that  it  may  remain  in  the  position  here  re- 
presented, or  that  it  may  float,  must  have  exactly 
the  weight  of  the  water  which  it  displaces ;  and 
if  it  be  lighter  than  this,  a  proportionate  part  will 
be  above  the  liquid  surface,  if  heavier  it  must 
aiuk  altogether. 

Hence  a  pound  weight  of  any  body  which  floats 
in    water,    displaces    the   very    same    quantity  of 
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water,  whether  that  body  be  very  light,  as  cork^  or 
heavier,  as  a  piece  of  dense  wood.  This  is  ex- 
perimentally  shewn  by  putting  such  bodies  to  float 
in  a  vessel  which  was  quite  full  of  water.  The 
water  displaced  by  each  must  run  over  the  sides 
of  the  vessel,  and  may  be  caught  and  measured. 

A  body  when  floating  in  water,  then,  is  pushed 
up  until  only  so  much  of  it  remains  in  the  water 
as  to  occupy  the  place  of  a  quantity  equal  in 
weight  to  itself;  hence, 

A  porcelain  basin  of  four  ounces,  will  sink  in 
water  only  as  far  as  a  wooden  bowl  of  the  same 
weight ;  and  the  weight  of  the  bowl  may  either  be 
in  the  wood  itself,  or  in  any  thing  else  put  into  it 
as  a  load. 

Hence  a  boat  of  iron  floats  just  as  high  oiit  of 
water  as  a  boat  of  wood,  if  that  of  iron  be 
thinner  in  substance,  and  therefore  not  heavier 
upon  the  whole,  than  the  wood.  An  empty 
metal  pot  or  kettle  floats,  with  only  a  small 
part  of  it  below  the  surface  of  the  water. — Pre- 
judice for  a  long  time  prevented  iron  boats 
from  being  used,  although  they  are  superior 
to  others  for  various  purposes ;  and  there  are 
many  people  still  who  would  fear  to  go  on 
board  of  a  ship  built  of  the  strong  and  almost 
everlasting  Indian  teak-wood,  because  it  is 
heavier  than  water,  and  in  the  form  of  a  log, 
therefore,  sinks  in  the  water.  Many  fine  ships  of 
the  line,  and  great  East-Indiamen  of  fifteen-hun- 
dred tons,  are  now  built  of  teak. 

Hence  a  ship  of  one  thousand  tons  will  just 
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draw  the  same  water,  or  float  to  the  same  depth, 
whatever  her  cargo  be,  if  of  equal  weight  And 
the  exact  weight  of  a  ship  and  her  cargo  is  de- 
termined when  it  is  known  bow  much  water  she 
displaces*  In  canal  boats,  which  are  generally  of 
a  fflimple  form,  this  truth  afibrds  a  rule  for  ascertain- 
ing the  quantity  of  their  load. 

The  human  body,  in  an  ordinary  healthy  state, 
with  the  chest  full  of  air,  is  lighter  than  water. 

If  this  truth  were  generaUy  known  and  well 
understood,  it  would  save  more  lives,  in  cases  of 
aUpwreck  and  other  accidents,  than  all  the  me- 
chanical life-preservers  which  man's  ingenuity 
will  ever  contrive. 

The  human  body  is  so  much  lighter  than  water, 
that  it  naturally  floats  with  a  bulk  of  about  half 
the  head  above  the  water ;  and  if  the  person  is 
tranquil,  the  body  can  no  more  sink  than  a  log  of 
fir  would.  That  he  may  live  and  breathe,  then,  it 
is  only  necessary  that  he  exert  his  volition  to 
render  the  fai^e  that  part  which  is  to  remain  out 
of  the  water. 

The  reasons  that  so  many  people  are  dro¥med 
in  ordinary  cases,  and  who  might  be  so  easily 
saved,  are  the  following : 

1st.  Their  not  knowing  that  the  body  is  really 
Ulster  than  water. 

2d.  Their  believing  that  continued  exertion  is 
secessary  to  keep  the  body  from  sinking  ;  hence 
the  position  of  a  swimming  man  is  generally  as- 
sumed, in  which  the  face  is .  downwards,  and 
the  whole  head  must  be  kept  out  of  the  water  to 
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allow  of  breathing*  Now  as  a  man  cannot  T^ftlMi 
thia  position  without  continued  exertion— evep  if 
a  swimmer  he  is  soon  exhausted,  and  if  not, 
the  unskilful  attempt  will  scarcely  secure  for  him 
even  a  few  respirations* — ^A  body  raised  for  a 
moment  above  the  natural  level  by  exertion,  sinks 
as  far  below  when  the  exertion  ceases :  the  plunge 
terrifies  the  unpractised  individual,  by  appearing 
to  be  the  commencement  of  a  permanent  sinking, 
and  fear  soon  makes  him  an  easy  victim  to  his  fate. 

Sd*  The  fear  that  water  entering  by  the  ears 
may  drown,  as  if  it  entered  by  the  nose  or  mouth : 
the  truth  being,  that  it  can  only  fill  the  outer  ear 
as  far  as  the  membrane  of  the  drum,,  aiid  is  thece- 
fore  of  no  conequence.  Evety  diver  and  swimmer 
has  his  ears  constantiy  filled  with  water,  and  with 
impunity. 

4th.  Persons  unaccustomed  to  the  water,  an4 
in  danger  of  drowning  in  their  struggle  generally 
attempt  to  keep  their  hands  above  the  surface, 
from  feeling  as  if  their  hands  were  tied  while 
below ;  but  this  act  is  most  pernicious,  because 
any  part  of  the  body  kept  out  of  the  water, 
in  addition  to  the  face  which  must  remain  above, 
requires  effort  to  support  it,  which  the  individiMl 
is  supposed  incompetent  to  afford. 

5th.  Not  having  reflected,  that  when  a  log  of 
wood  or  a  human  body  is  floating  upright,  with 
only  a  small  portion  above  the  surface,  in  rough 
water,  as  at  sea,  every  wave  must  cover  the  hda(^ 
for  a  little  time  as  it  passes,  but  will  again  leave,  ft 
projecting  in  the  interval.  The  practiced  swuii* 
mer  chooses  this  interval  for  breathing. 


Cth.  Not  knowing  the  importance  of  keeping 
the  chest  as  fiill  of  air  as  possihle,  the  doing  which 
has  the  same  effect  as  tying  a  bladder  of  air  to 
the  neck,  and  without  other  effort  will  cause  nearly 
the  whole  head  to  float  above  the  water.  If  the 
chest  be  once  emptied,  and  if  from  the  face  being 
under  water  the  person  cannot  inhale  again,  tlie 
body  is  then  specifically  heavier  than  water,  laod 
will  sink. 

When  a  man  dives  far,  the  pressure  of  deep 
water  compresses  or  diminishes  the  bulk  of  the 
air  in  his  chest,  and  hence  he  becomes  really 
heavier  than  water,  and  would  not  again  rise,  but 
for  the  exertion  of  swimming.  The  author  once 
saw  a  sailor  (a  fine-bodied  West-Indian  negro) 
fall  into  the  calm  sea  from  a  yard-arm  eighty 
feet  high.  The  velocity  was  so  great,  that  he 
shot  deep  into  the  water  immediately,  and,  of 
course,  liis  chest  was  compressed  as  now  ex- 
plained ;  probably  also  the  shock  stunned  him, 
for  although  he  was  an  excellent  swimmer,  he 
only  moved  his  anns  feebly  once  or  twice,  and 
was  then  seen  gradually  sinking  for  a  long  time, 
afterwards,  until  he  disappeared,  as  a  black  and 
distant  speck,  descending  to  the  unknown  r^ions 
of  the  abyss. 

It  is  not,  perliaps,  to  be  recommended,  that  , 
every  person  should  learn  to  swim  ;  but  every  one  ] 
should  have  practised  the  easy  lesson  of  restii^  1 
in  the  water  with  the  face  out  A  little  action  1 
of  adjustment  with  the  hands  makes  it  a  veiy  ] 
easy  position  :  and  there  is  an  accompanying  mo- 
tion of  the  feet,  called  trending  the  "waier,  which 
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iS  easily  learned,  and  which  sustains  the  entire 
head  above  the  surface.  Perhaps  the  whole  of 
the  seventy  passengers  who  were  swallowed  up 
on  the  sudden  sinking  of  the  Comet  steam-boat 
near  Greenock,  in  October  1825,  might  have 
been  saved,  had  they  known  the  truth  which  we 
arfe  now  explaining,  as  boats  so  soon  came  to  their 
assistance. 

In  having  to  swim  very  iar,  a  man  may  thus 
rest  on  his  back  for  a  time,  and  resume  his  labour 
when  he  is  somewhat  refreshed. 

So  little  is  required  to  keep  a  man's  whole  head 
above  water,  that  many,  individuals,  altogether 
unacquainted  with  what  regards  swimming  or 
floating,  have  been  saved  after  shipwreck,  by 
catching  hold  of  a  few  floating  chips  or  broken 
pieces  of  wood ;  an  oar  will  sufiice  as  a  support 
to  half  a  dozen  people,  if  no  one  of  the  number 
attempts  to  keep  more  than  his  head  out  of  the 
water. 

A  common  life-preserver  consists  of  strings  of 
corks  put  round  the  chest  or  neck;  or  of  an 
air-tight  bag  applied  round  the  upper  part  of  the 
body,  and  which  can  be  filled  by  the  person  blow- 
ing into  it  through  a  valved  pipe  attached. 

On  the  great  rivers  of  China,  where  thousands 
of  people  find  it  more  convenient  to  live  in 
covered  boats  upon  the  water,  than  in  houses  on 
shore,  the  younger  male  children  have  a  hollow 
ball  of  wood  or  other  material  attached  constantly 
to  their  necks,  and  in  their  frequent  falls  over- 
board are  not  in  danger. 

Life-boats  have  a  large  quantity  of  c.ork  nuxed 
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in  their  construction ;  or  of  air-tight  vessels  of" 
copper  and  tin  plate,  so  that,  even  if  full  of  water, 
they  shall  still  float  high  above  its  surface. 

Swimming  is  much  easier  to  quadrupeds  than 
to  man,  because  the  common  motion  of  their  legs 
in  walking  and  running  is  that  which  best  suppoits 
them  in  swimming.  Man  is  the  most  helpless  of 
creatures  in  water.  A  horse  can  carry  his  rider 
with  half  the  body  out  of  the  water ;  dogs  that 
have  never  been  in  water  before  swim  well  on 
the  first  trial.  Swans,  geese,  and  water-fowla  in 
general,  are  so  bulky  and  light,  by  the  great  thick- 
ness o£  feathers  under  them,  that  they  float 
upon  the  water  like  stately  ships,  and  their 
webbed  feet  are  perfect  oars. 

A  man  may  walk  upon  broken  glass  with  im- 
punity in  deep  water,  because  his  weight  is  sup- 
ported by  the  water. 

But  many  men  have  been  drowned  in  attempt- 
ing to  wade  across  the  fords  of  rivers,  from 
forgetting  that  the  body  is  supported  by  the 
water,  and  does  not  press  on  the  bottom  sufficiently 
to  give  a  sure  footing  against  a  very  trifling  cur- 
rent. A  man,  therefore,  carrj-ing  a  weight  on 
his  head  or  shoulders,  may  safely  pass  in  such  a 
case,  where,  without  a  load,  he  would  be  carried 
down  the  stream,  and  would  perish. 

Fishes  can  change  their  specific  gravity,  by  di- 
minishing or  increasing  the  size  of  a  little  air  bag 
within  their  body ;  and  which  being  towards  the 
under  side,  causes  a  dead  fish  to  float  with  the 
belly  uppermost. 

Animal  matter,  in   undergoing  the  process  of 
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Heuce  arises,  in  the  stowing  of  a  ship's  cargo, 
tlie  necessity  of  jnittiiig  the  heavy  merchan- 
dtfle  underneath,  and  generally  of  putting  iron 
ballast  under  alt  the  merchandise.  Hence,  also,, 
the  danger  of  having  a  cargo  or  ballast  whick 
may  shift  its  place.  A  ship  loaded  with  stonei  j 
only  is  sometime.^  lost  by  a  wave  making  her  itt-  J 
cline  for  a,  moment  so  much  that  the  load  shifts  ' 
to  one  side  and  then  keeps  tliat  side  down.  A 
cargo  of  salt  or  sngai'  has  some  tlanger  attached 
to  it ;  for  if  the  ship  leak,  the  cargo  may  be  dis- 
solved, and  then  pumped  out  with  the  bilge 
water,  and  tliis  will  alter  the  trim.  In  a  fleet 
coming  home  from  India  in  1809,  four  fine  ships 
were  lost  in  a  hurricane  off  the  Isle  of  France, 
and  from  wliat  happened  to  the  other  ships  which 
were  saved,  it  is  supposed  that  the  saltpetre  of 
tlie  cargoes  had  been  dissolved  and  pumped  out, 
and  that  the  shij>s  in  consequence  became  un- 
manageable. 

Bladders  used  by  beginners  in  swimming  are 
dangerous,  unless  secured  so  as  not  to  shift  towards 
the  lower  part  of  the  body. 

A  great  inventor  (in  his  own  estimation)  pub- 
lished to  the  world,  that  he  had  solved  the  im- 
portant problem  of  walking  safely  upon  the  water ; 
and  be  invited  the  crowd  to  witness  his  first  essay. 
He  stepped  boldly  upon  the  wave,  equipped  in  a 
pair  of  bulky  cork  boots:  but  it  soon  appeared 
that  he  had  not  pondered  sufficiently  on  tiie  sub- 
jects of  the  centre  of  gravity  and  of  flotation,  for  in 
the  next  instant  all  that  was  to  be  seen  of  him  was 
a  pair  of  legs  sticking  out  of  the  water.  He  was 
T   2 
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picked  up  by  help  at  hand,  and,  his  genius  cooled 
and  schooled  by  the  event,  he  was  conducted 
home.  Some  soldiers  once  finding  a  few  cork 
Jackets  among  old  military  stores,  determined  to  try 
them;  but  mistaking  the  shoulder  straps  for  lower 
fastenings,  they  put  them  on  as  drauerSy  and  on 
then  plunging  in,  with  the  hope  of  being  able  to 
sit  pleasantly  on  the  water,  their  heavy  heads  went 
down,  and  they  were  nearly  drowned. 

When  the  ice  breaks  up  in  the  polar  regions,  on 
the  return  of  summer,  immense  islands  are  set 
afloat,  rising  high  into  the  air  and  sinking  deep 
into  the  sea.  The  melting  process,  in  most 
cases,  goes  on  unequally  in  the  water  and  ih  the 
air,  and  from  the  mass  changing  form,  the  stability 
is  often  lost,  and  one  of  the  grandest  phenomena 
in  nature  is  produced,  viz.  the  overturning  of  n 
mountain—the  sudden  subversion  of  an  island-^ 
with  a  corresponding  tumult  in  the  ocean  around, 
often  felt  at  the  distance  of  many  leagues. 

The  phenomena  of  pressure,  floating,  &c.  in  fluids, 
vary  in  exact  proportion  to  their  weight  or 
specific  gravity. 

A  ship  draws  less,  or  swims  lighter  by  one-thirty- 
fifth  in  the  heavier  salt  water  of  the  sea  than  in 
the  fresh  water  of  a  river ;  and  for  the  same  reason 
a  man  supports  himself  in  swimming  more  easily 
in  the  sea  than  in  a  river. 

A  piece  of  wood  that  floats  in  water  will  sink 
in  oil. 

A  man  floats  on  mercury  as  the  lightest  cork 
does  on  water. 


FLUID    SUPPORT    AMONG    FLUIDS. 


281 


Had  the  water  of  our  ocean  been  but  a  Uttle 
heavier  than  it  is,  men  after  shipwreck  might 
have  died  of  famine  and  cold,  but  would  not 
have  been  drowned. 

Oil  floats  on  water,  but  sinks  in  alcohol  or 
ether.  The  term  proof  spirit  means  spirit  light 
enough  for  oil  to  sink  in  it,  and  the  strength  id 
proportioned  to  the  lightness. 

Cream  rises  in  milk,  and  forms  a  covering  to  it. 
Blood,  allowed  to  rest  after  flowing  from  the 
living  body,  separates  into  parts,  which  arrange 
themselves  according  to  their  specific  gravities. 
Thebufiy  coat  of  inflammation  (where  this  exists) 
is  uppermost,  forming  the  surface  of  the  coagulum 
which  comes  next;  at  the  lower  part  of  this  there  ' 
is  an  accumulation  of  red  globules;  and  the  whole' 
of  the  solid  mass,  or  crassamentum,  floats  in  the  ■! 
serum,  which  is  therefore  lowest  of  all. 

Wine  will  float  on  water,  if  slowly  and  carflfc*, 
fully  poured  upon  it ;  and  in  a  common  sand-glass^  .■ 
if  wine  be  put  into  the  under  cham-ii 
ber,  and  water  into  the  upper  on^l 
and  a  communication  be  then  madaJ 
between  them,  the  two  liquids  will4 
change  places.  And  if  the  lower  half*! 
of  the  glass  be  covered,  so  as  to  leave! 
the  upper  half  with  the  appearance"! 
of  a  simple  goblet,  the  water  will  seent4 
to  have  been  changed  into  wine.  The  liquids  a 
less  mixed,  and  change  places  sooner,  when  there 
is  a  tube  b  to  cany  the  water  down  to  the  vei 
bottom,  and  a  tube  a  to  carry  the  wine  up  to  the 
top. 
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Mercury^  water^  kA,  and  air,  may  be  ihaken 
together  in  the  nine  vessel,  and  on  standing  wffl 
sepaate  and  arrange  thensrives  in  the  mder  ef 
their  speci6c  graWties. 

When,  in  a  mass  of  water,  part  irf*  it  it  healed 
asore  than  the  rest,  that  part,  by  its  expanridi^ 
beoomes  specifically  lighter  than  the  rest,  and 
will  rise  to  the  sur&ce.  Hence,  when  beat  h 
applied  to  the  bottom  of  a  vessel  to  make  water 
in  it  boil,  there  is  a  circolation  gcmg  on  firom 
the  first  moment  until  the  (^ration  finishea; 
the  hotter  part  of  the  water  is  always  rising  from 
the  hottest  part  <^  the  vessel,  and  the  ccrfder 
part  is  descending  dsewhere. 

In  the  same  manner,  when  a  tall  glass  at  hot 
water  ia  dipped  into  cold  water,  a  downward  cnr- 
rent  taltes  place  near  the  ^des  of  Ae  glaaa  aB 
round,  and  an  upward  cmrent  in  the  midcfle.  Tfie 
motion  is  rendered  very  remarkable  if  a  few  bits 
aii  amber  be  thrown  in,  for  being  nearly  of  tike 
specific  gravity  of  water  they  rise  and  descend 
with  the  water.  On  account  of  the  current  esta- 
blished in  such  cases,  heat  applied  to  the  bottom 
of  a  vessel  of  Hquid  is  soon  equally  diffiised  all 
over  it ;  but  heat  applied  at  the  top  is  there  con- 
fined, because  the  heated  and  lighter  fluid  will  not 
descend*  Water  may  be  made  to  boil  at  the  sur- 
face, while  a  piece  of  ice  lies  at  the  bottom. 
The  converse  is  impossible. 

The  current  in  a  fluid,  from  local  changef  of 
temperature,  is  an  important  part  of  the  following 
process, — -Heat  is  transferred  from  orte  liquid  to 
another,  without  mixing  them,  by  making  the  hot 
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liquid  desceml  in  a  very  thin  metallic  tube  through 
the  cold  liquid  rising  around  it  in  a  larger  tube. 
Boihng  water  from  the  vessel  e,  i'or  instance,  may 
descend  slowly  by  the  small  tube  e  a  bf,  which  is 
siuTounded  from 
a  to  i  by  cold 
water  ascending 
through  the  tube 
c  g.  Then,  as 
the  temperature 
of  two  liquids  so 
nearly  in  contact 
with  oacli  other, 
will  not,  ailer  a- 
very  short  time, 
differ  in  any  one 
place  more  than  a  few  degrees,  it  follows  that  the 
water  lately  cold,  aa  it  rises  trom  the  part  of  the 
tube  g  where  it  is  so  nearly  in  contact  with  the 
boiling  water  descending,  will  be  nearly  boiling, 
while  the  water  lately  hot,  on  leaving  the  tube  at 
h,  where  it  is  in  contact  with  cold  water  just 
rising,  will  be  itself  nearly  cold :  and  thus  equal 
quantities  of  hot  and  cold  water  will  have  ex- 
changed temperatures.  The  flow  of  the  hot  water 
is  regulated  by  a  cock  Jl  and  that  of  the  cold 
water  by  the  cock  //.  The  water  rises  along  eg'  rf, 
because  it  is  hotter  and  lighter  than  in  h  c. — The 
author  suggested  this  principle,  with  an  arrange- 
ment of  many  thin  fiat  tubes  for  the  descending 
fluid,  and  a  large  box  to  contain  these  and  the 
rising  fluid,  as  a  refrigerator  in  a  distilling  appara. 
tus,   or  for   cooling  the  wort  of  brewers,  or  as  a 
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means  o{  diminiBhrng  the  expense  of  waim  badisir 
Half  the  original  expense  of  a  great  porter 
brewery  is  for  the  constructimi  of  the  nnmerous 
water-tight  floors  on  which  the  hot  wort  is  thinly 
spread  to  cool :  and  the  practice  of  warm  bathing, 
so  cmiducive  to  health,  is  less  common  in  this  coun- 
txff  because  the  present  expense  of  it  is  so  great. 
It  is  a  general  truth  in  nature,  that  things  con- 
tract in  size  as  they  cool.  There  is,  however,  in 
water,  a  curious  exception  to  this  rule,  which, 
operating  through  the  principle  of  specific  gnu 
vities,  eflfects  a  most  important  purpose  in  the 
economy  of  nature.  Solid  water,  or  ice,  is 
lighter  than  an  equal  bulk  of  liquid  water,  and 
therefore  floats  on  the  surface.  Now  ice  being  a 
very  bad  conductor  of  heat,  defends  the  water 
underneath  from  the  cold  air,  and  preserves  it, 
therefore,  in  its  liquid  and  useful  state,  until  the 
return  of  the  mild  season.  TTius,  in  ice  and 
snow,  nature  has  prepared  a  winter  garb  for 
the  lakes  and  rivers,  as  complete  and  efiectual  as 
she  has  for  the  tribes  of  animals,  by  the  periodical 
thickening  of  their  wool  or  fur.  Had  ice  become 
heavier  than  water,  and  had  it  consequently  fallen 
to  the  bottom,  and  left  the  surface  without  pro- 
tection,  a  deep  lake  might  have  been  frozen 
in  European  winters,  and  have  formed  a  solid 
mass,  which  summer  suns  would  no  more  have 
melted  than  they  now  do  the  glaciers  of  Switzer- 
land. But  for  this  important  exception,  therefbrer 
to  a  general  law  of  nature,  many  of  the  now  m6$t 
fertile  and  lovely  portions  of  the  earth's  surface 
would  have  remained  barren  and  uninhabited 
wastes. 
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DOCTRINE   OF   FLUIDS. 
SECTION  II.— PNEUMATICS. 


ANALVSIS    OF    THE   SECTION. 

Xf  liie  particles  ofajiuirl  are  heldjar  apart  by  a  mutual  repulsion, 
Xokiclt  yields,  however,  to  any  force  applied,  so  that  a  mass  of  the 
fiaid  suffers  great  change  of  volume  under  different  degrees  of 
ampmtion,  the  phenmnena  in  which  such  a  Jtiiid  ti  concerned 
uiUl  be  modi fie<l&y  its  great  lightness  aiiif  elasticity, £ui  uiHl 
still  be  in  strict  accordance  with  Ike  general  properties  iifjluidj. 
already  eiplalned,  viz,  phessureshbal  in  all  diiiectionb 

PRESSURE    AS    THE    DEPTH LEVEL    SUHPACE,    and  FLDm 

SUPPORT.  The  pressure  of  the  atmosphere  in  all  direettonsy 
and  as  the  depth,  is  seen  remarkably  in  its  effects — on  solids — oa 
liquids : — and  acting  in  conjunction  tcith  heat,  it  produces  ihf  . 
pheaomena  of  boiVmg,  evaporation,  clouds,  rain,  dew,  &c. — and 
hy  varying  in  degree,  it  a/lows  certain  substances  to  exist  some- 
limes  in  the  liquid  and  sometimes  in  the  aeriform  states. 

What  a  change  has  taken  place  in  the  degree 
of  man's  knowledge  of  nature,  since  philosophers 
thought  tliat  air  was  one  of  four  pj-imary  elements, 
viz.  air,  fire,  water,  and  earth,  of  whicii  all 
things  were  composed,  and  of  which  each  was 
for  ever  distinct  from  the  others.  We  now  know; 
that  air  or  gas  is  merely  an  accidental  state,  ii^ 
which  any  body  may  exist,  according  to  the  quaiv 
tity  of  heat  pervading  it :  the  body  being  solid 
when  the  absence  of  heat  allows  the  atoms  to 
obey  freely  their  natural  attraction,  and  to  cohere,- 
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as  in  ice,  for  instance ;  being  liquid,  when  so 
much  heat  is  present  as  to  separate  them,  and 
let  them  slide  freely  among  each  other,  as  they 
do  in  water ;  and  being  aeriform  when  still  more 
heat  is  added,  causing  the  atoms  to  repel  and  dart 
asunder  to  a  great  distance,  as  they  do  in  steam. 
But  in  any  one  of  these  three  states,  tlie  various 
substances  are  as  much  themselves  as  in  the  others, 
and  at  the  command  of  the  chemist  will  assume 
any  of  the  forms  which  he  desires.  As  each 
substance  has  a  different  relation  to  heat,  in  fhe 
variety  there  are  some  which  at  the  medium  ^ojn- 
perature  of  our  earth  are  solid,  sooie  which  %re 
Hquid,  and  sofne  aeriform.  The  solids^  in  geneial, 
are  the  heaviest  under  a  given  vohime,  and  there- 
fore sink  down  and  form  the  great  mass  or 
centre  of  the  earth  ;  liquids  follow  next  in  order 
and  float  upon  this  solid  centre,  filling  ti)i  its 
inequalities  with  a  level  surface ;  and  die  airsi  are 
the  lightest  of  all,  and  as  a  second  ocean  rest 
above  the  sea  and  above  the  highest  mountains  to 
an  elevation  of  about  fifty  miles. — There  are  two 
substances,  in  particular,  of  which  it  is  the  nature 
to  assume  the  form  of  air  at  a  veiy  low  tem- 
perature, viz.  oxygen  and  nitrogen,  and  of  tbesl^ 
therefore,  the  atmosphere  chiefly  consi^Cs,  but 
smaller  portions  of  almost  every  other  substance 
are  found  in  it.  Water,  among  these  supplementary 
matters,  is  more  abundant  than  any  of  the  others, 
and  in  its  various  states  of  cloud,  mist,  rate,  de^, 
and  snow,  it  serves  much  to  vary  the  scetie»  of 
nature. 

The  atmospheric  ocean  is  the  great  laborafcMy 
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in  which  most  of  the  actions  of  life  go  on,  and 
on  the  composition  of  which  they  depend.  A  niau 
requires  a  gallon  of  fresh  air  every  minnte  for  his 
breathing,  and  dies  immediately  if  deprived  of 
it,  or  if  confined  to  the  same.  All  other  animala 
also  require  it  in  various  proportions.  And  in 
the  vegetable  creation,  the  beautiful  green  leaf 
or  delicate  flower  is  merely  a  broad  and  tender 
expansion  of  surface  for  the  contact  of  the  vivi- 
fying air.  Animals  give  out  to  the  atmosphere  a 
substance  which  vegetables  absorb,  and  vegetables, 
by  removing  this,  again  fit  tlie  air  for  the  use  of 
animals;  so  that,  upon  the  whole,  in  the  various 
changes  of  nattne  there  is  a  perfect  balancing  of 
absorption  and  exhalation,  preserving  the  gi'eat 
mass  in  a  uniform  state^  and  constantly  fit  for  its 
admirable  purposes. 

While  the  ancients  had  that  notion  of  tlie  air, 
which  made  them  apply  to  it  vaguely,  and  ahnost 
indifferently,  the  names  of  air,  etiier,  spirit,  breath, 
or  life,  they  never  dreamt  of  inaliing  experiments 
upon  it,  from  a  suspicion  that  it  could  have  any 
relation  to  common  matter ;  and  it  is  one  of  the 
most  beautiful  portions  of  the  history  of  man's 
progress  in  knowledge,  which  exhibits  the  light 
gradually  breaking  in  upon  this  most  interesting 
subject  in  modern  times.  Gallileo  discovered  that 
:iir  had  a  definite  weight  or  pressure  ;  Tomcelli's 
and  Pascal's  ingenuity  measured  the  height  of 
the  aerial  ocean  :  Priestly,  Black,  Lavoisier,  and 
others  discovered  that  air  might  be  united  to  a 
metal,  so  as  to  increase  its  weight,  and  to  pro- 
duce ft  compound  of  totally  new  qualities  }   and 
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th^  proved  that  many  of  the  ores  from  otur  mines 
ire  merely  metals  concealed,  by  being  united  with 
one  oi  the  ingredients  of  the  atmo^here.  Hiey 
then  analyzed  the  atmosphere  itself,  and  exhibited 
these  ingredients  as  distinct  substances,  having 
each  peculiar  properties.  Within  a  few  years  the 
subject  has  been  thoroughly  investigated,  and  the 
true  nature  of  air  or  gas  is  perfectly  understood* 
We  can  now  take  a  little  of  that  most  light,  invisible, 
impalpable  fluid  which  we  breathe,  and  squeezing 
the  heat  out  of  it  by  strong  pressure,  we  can 
make  its  particles  collapse  from  their  aeriform 
distances,  to  assume  the  state  of  a  tranquil  oUy 
fluid.  This  may  be  retained  as  such  for  ever,  or 
may  be  made  solid  in  combination  with  other 
bodies,  or  may  be  again  set  at  liberty.  And  there 
are  certain  substances,  such  as  iodine,  which  in- 
standy  pass  from  the  state  of  solid  to  that  of  air, 
and  the  contrary. 

The  suspicion  once  excited,  that  air  was  as 
much  a  material  fluid  as  water  is,  only  much  less 
dense,  by  reason  of  a  greater  separation  and  re- 
pulsion of  the  particles,  it  was  easy  to  follow  out 
the  parallel,  and  to  confirm  the  supposition  by 
reference  to  the  commonest  facts.  The  motion 
of  a  flat  board  is  resisted  in  water : — ^the  mo- 
tion of  a  fan  is  resisted  in  the  air.  Sand, 
pebbles,  and  masses  of  wood,  are  rolled  along  or 
floated  by  currents  of  water : — chaff,  feathers, 
and  even  rooted  trees,  are  swept  away  by  cur- 
rents of  air.  There  are  mills  driven  by  water  :— 
and  there  are  mills  driven  by  the  wind.  Oil  set 
free  under  the  surface  of  water,  or  placed  there 
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in  a  bladder,  rises  to  the  surface  : — smoke  or  hot 
air,  and  a  balloon  filled  with  hydrogen  gaa,  rise 
in  air.  A  fish  swims  by  its  fins  in  water : — a  bird 
aiipj)ort3  itself  by  its  wings  in  air.  But  take  the 
water  from  the  vessel  in  which  a  fish  swims,  and 
it  sinks  and  gasps  a  i'ew  moments,  and  dies  : — so, 
on  exhausting  the  air  from  a  vessel  in  which  birds 
or  butterflies  are  enclosed,  their  useless  wings  will 
flap  ;  but  if  the  cruel  experiment  be  continued, 
they  fall  to  the  bottom,  and  soon  die. 

We  proceed  now  to  prove  that  air  or  gas,  as  a 
fluid,  diflfers  from  the  other  fluids  which  we  call 
liquids,  only  in  the  circumstance  of  its  extreme 
lightness  or  rarity,  and  in  being  very  extensively 
elastic;  that  is  to  say,  in  the  atoms  being  so  re- 
lated, that  pressure  brings  them  much  more  nearly 
into  contact,  and  that  on  the  pressure  ceasing, 
they  regain  their  distance  as  before. 

Lightness  of  air. 
The  lightness  or  rarity  of  atmospheric  air,  as  it 
is  found  on  the  general  surface  of  the  earth,  is 
such,  that  if  a  bag  of  it  holding  a  cubic  foot  be 
emptied  into  the  copper  ball  of  an  air-gun,  by  the 
action  of  the  pump,  the  ball  then  weighs  about 
an  ounce  and  a  quarter  more  than  before.  The 
same  volume  of  water  weighs  one  thousand  ounces. 
And  the  other  gases,  or  substances  in  the  aeri- 
form state,  have  their  various  specific  gravities,  just 
as  the  same  substances  have  when  liquid  or  solid. 
Water  in  the  form  of  air,  as  it  raises  the  piston 
oi^  the  steam-engine,  is  only  half  as  heavv  as 
common  air ;  hydrogen  is  only  one-fourteenth  as 
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heavy;  and  carbonic  acid  gas,  which  is  the  air 
that  rises  out  of  soda  water,  or  bcidL  db,  or 
champaigne  wine,  is  so  much  heaiier  diaii  connniM 
air,  that  it  can  be  poured  out  oi  one  open  mmA 
into  another  as  a  liquid  m^t,  or  moie  exacdf 
as  water  might  be  poured  under  oiL 

Elasiicity  ef  air. 

A  small  bladder  full  of  air  may  be 
squeezed  between  the  hands  until  it  is  much  re- 
duced in  size,  and  on  relievmgit  fiom  die 
sure  it  will  resume  its  former  bulk  immediate^; 
^^  If  a  tube  or  barrel  of  perfectly] 

bore,  a  6,  be  fitted  with  a  tight  {dug  er 
piston  c,  covered  with  leather  zsA  ofled, 
and  which  will  move  up  and  down 
without  allowing  the  air  to  pws  by  its 
sides,  the  air  between  the  piston  and 
the  close  bottom  h  may  be  compressed 
to  a  twentieth  or  a  hundreddi  of  its 
usual  bulk ;  and,  if  allowed,  it  will  then  push  the 
piston  back  again  with  the  same  force  as  was  used 
to  condense  it,  and  will  regain  its  volume  as  be- 
fore the  experiment. 

Again,  if  the  plug  at  the  commencemeirt 
of  the  experiment  were  only  an  inch  itooL  the 
bottom,  on  drawing  it  up,  the  inch  of  air  be- 
neath it  would  expand  so  as  to  occupy  the  whole 
tube  when  the  piston  arrived  at  ^^  top,  having 
become,  of  course,  proportionally  less  dense. 

If  the  question  were  proposed  here,  why  the  air, 
which  admits  of  such  various  density,  is  found  to 
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liave  tJuit  certain  degree  of  it  wliich  is  met  witk  at 
the  surface  of  the  earth  ?  we  answer,  that  as  the 
watea.',  iu  any  place  at  the  bottom  of  the  ocean  is  i 
pressed  with    force  exactly  proportioned    to  th*  j 
quantity    of   water  above    it,    so  the  air  at  tbe  ] 
surface  of  the  earth  bears  the  pressure  of  the  su»  j 
perincumbent  mass  of  air,  and  has  exactly  timt  I 
density  which  this  is  calculated  to  produce  by  ] 
acting  upon  its  great  compressibility.     And  we  [ 
shall  see  below,  that  the  density  of  the  air  neat  j 
the  earth  is    chaaging    with  every  circumstancfl  I 
which  aifects  the  state  of  the  atmosphere  above, 
as  winds,  clouds,  rain,  &c.,  and  bears  relation  to  | 
the  altitude  of  the  place  of  observation.     The  air 
at  the  surface  of  the  eartli  exists  in    a    state    of 
pressure    and   condensation    like  the    lowermost 
ba^  of  cotton  or  wool  in  a  great  heap. 

The  tube  and  piston  described  in   the  opposite 
page,  with  certain  additions,  become  to  the  ex» 
peiimenter  either  a  syringe  for  condensing  air.  I 
or  a  pump  for  exhausting  or  removing  it  from  ( 
any  vessel;  and  both  operations  depend  on  the  1 
elasticity  of  air. 

A  barrel  and  piston  is  a.  condensing  sifr'mge,  when, 
in  the  passage  of  communication    between  tlie  I 
bottom  o(  tlie  syiinge  and  the  receiving  vessel,  I 
there  is  a  flap  or  valve  wliich  allows  air  to  pass  | 
towards  the  receiver  but    not    to   return.      The 
pistoa,  therefore,  a.t  each  stroke  forces  the  fill  of 
the  barrel  of  air  into  the    receiver.     When  the 
piston  is  lifted  again  after  the  stroke,  air  re-enters 
the  barrel  from  the  atmosphere,  either  through  a 
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valve  in  the  piston,  or  through  a  small  hole  made 
near  the  top  of  the  barrel. 

That  useful  contrivance,  a  vahCj  for  whatevw 
purpose  used,  and  in  whatever  way  formed,  is  U) 
principle  merely  a  moveable  flap  placed  on  anjr 
opening,  and  held*  against  it  by  its  gravity,  or  hy 
some  other  very  gentle  force.  Such  a  flap,  it  is 
evident,  will  allow  fluid  to  pass  only  one  wagr 
through  the  opening,  viz.  outwards  from  it ;  fn 
fluid  tending  to  pass  inwards,  presses  the  flap  the 
closer,  the  greater  its  entering  force. 

To  convert  the  forcing  syringe  or  pump  into  an 
exhausting  S3rringe  or  pump,  commonly  called  an 
air-pump^  it  is  only  necessary  to  change  the  direct 
tion  of  the  valves  ;  then,  when  the  piston  is  pressed 
down,  all  the  air  between  it  and  the  bottoiii» 
instead  of  entering  the  vessel  as  in  the  last  case, 
escapes  by  the  valve  in  the  piston  itself,  towards 
the  atmosphere,  and  on  afterwards  raising  the  pis- 
ton a  perfect  vacuum  would  be  left  under  it,  but 
for  the  valve  below,  which  is  then  opened  by  the 
elasticity  of  the  air  in  the  receiver,  and  allows  a 
part  of  this  air  to  follow  the  piston.     Thus,  at  each 

stroke,  a  portion  of 
the  air  is  removed 
from  the  receiver, 
proportioned  to  the 
size  of  the  pump* 
tube.  In  a  good 
air-pump  there  are 
always  two  similar 
pumping  barrels,  a 
and   6,    to   quicken 
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the  operation  of  exhausting,  and  the  pistons  are 
worked  hy  the  same  winch  or  liandle  f,  turning 
the  pinion  e,  which  acta  on  the  teeth  of  the  piston 
rods  d  and  c.  Both  pumps  open  into  a  tube  g  k,  of 
which  the  end  is  seen  at  h  rising  tiglitly  through  the 
round  plate  of  the  machine  at  /.  This  plate  is  so 
fl^t  and  smooth,  that  a  glass  bell  k,  with  a  smooth, 
ground  lip,  when  placed  upon  it,  forms  an  air-tight 
joining.  On  working  the  pump,  such  a  bell  is 
exhausted  of  its  air,  and  fitted  for  showing  the 
many  interesting  phenomena  which  the  air-pump 
can  display,  and  which  will  pass  under  review  as 
we  proceed.  The  supporting  frame-work  of  tlie 
pump  is  not  shewn  here. 

The  law  of  the  elasticity  of  air  is,  that  its  spring 
or  resistance  to  compression,  is  proportioned 
always  to  its  density.  Hence  in  any  case,  by 
finding  either  the  density  or  the  spring  or  the 
compressing  force,  we  know  all  the  three. 

It  is  found  by  experiments  described  a  few 
pages  ftirther  on,  that  the  atmosphere  above  the 
surface  of  the  earth  weighs,  and  therefore  presses, 
fifteen  pounds  on  every  square  inch  of  it,  and 
that  the  air  near  the  earth,  and  of  course  under 
this  pressure,  has  the  density  indicated  by  an  ounce 
troy  to  the  cubic  foot.  And  we  further  find  that 
such  air  is  reduced  to  half  its  bulk,  or  becomes 
of  double  atmospheric  density,  by  an  additional 
pressure  of  fifteen  pounds  on  the  inch,  and  of 
triple  density  by  triple  pressure,  and  so  on ;  and 
on  the  other  hand,  that  it  dilates  to  double  bulk 
if  the  pre.isure  be  diminished  to  half,  and  to  any 
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greater  bulk,  even  beyond  a  thousand-fold,  if  the 
pressure  be  diminished  in  a  corresponding  degree. 

I  And  air  bearing  a  certain  ibrce  of  pressure,  is  a 
Spring  acting  with  tliat  force  on  whatever  sur- 
rounds it. 

It  is  very  important  to  be  familiar  with  this  law, 
for  it  holds  with  respect  to  all  aeriform  fluids  as 
well  as  common  air;  and  it  therefore  tlirows  light 
on  the  action  of  steam-engines,  air-guns,  and  all 
pneumatic  machines.  It  also  explains  the  con- 
dition of  our  atmosphere  as  to  its  density  at  various 
elevations ;  telling  us,  for  instance,  that  when  a 
balloon  has  risen  through  half  of  the  atmospheric 
mass,  the  air  around  it  will  only  be  of  half  the 
density  which  exists  at  the  surface  of  the  earth. 

We  know  not  exactly  to  what  extent  the  rare- 
faction of  air  may  go  by  removing  pressure  j  in 
other  words,  at  what  distance  the  gravity  of  the 
particles  becomes  just  a  balance  to  their  mutual 
repulsion,  and  therefore  we  know  not  what  the 
degree  of  rarity  is  at  the  top  of  our  atmosphere; 
but  we  see  that  it  must  be  exceeding  great,  from 
tiie  fact  of  the  air  lefl  in  the  receiver  of  an  air- 
pump  having  still  spring  enough  to  lift  the  valve 
tinder  the  working  piston,  when  less  than  a  thou- 
Bandth  of  the  original  quantity  remains.  In  the 
most  perfect  air-pumps  the  machine  itself  is  made 

I  to  raise  the  valve,  that  the  exhaustion  may  be  as 

I  complete  as  possible. 

The  expansion  of  air  is  illustrated  by  placing  a 
bladder,  with  a  very  little  air  in  it,  under  the  re- 
ofeiver  of  aji  air-pump.  On  then  exhausting  tlie 
receiver,  the  bladder  is  seen  to  swell  as  the  opera- 
tion proceeds,  and  at  last  appears  quite  full.    In 
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sVetfing,  it  will  lift  a  weight  laid  upon  it,  and  may 
even  burst.  The  explanation  of  this  phenomenon 
is,  that  at  first  the  air  in  the  bladder  is  con- 
densed air,  like  dl  air  at  the  surface  of  the  earth 
iinder  the  pressure  of  the  superincumbent  atmos- 
phere ;  and  its  volume  increases  as  that  pressure 
is  diminished  by  the  air-pump.  It  is  rarefied  ex- 
actly in  the  same  proportmn  as  the  air  which  re- 
mains in  the  receiver  surrounding  it. 

In  the  ball  of  an  air-gun — which  is  a  strong 
globular  vessel  of  copper  attached  under  the 
lock,  the  air  is  condensed  thirty  or  forty  times  as 
much  as  in  the  atmosphere  around  it,  therefore 
the  pressure  is  thirty  or  forty  times  fifteen  pounds 
on  the  inch ;  and  when  the  valve  is  opened  for 
an  instant  by  the  action  -of  the  lock,  the  air  issues 
and  propels  the  charge  with  this  force.  The  effect  of 
air  thus  condensednearlyequalsthat  of  gunpowder, 
and  one  charge  of  the  ball  suffices  for  many  shots. 
If  a  bottle  or  vessel  a  b,  partly 
filled  with  water,  be  corked,  and 
have  a  tube  passed  through  the  cork 
to  near  the  bottom  of  the  water,  and 
if  air  be  then  forced  in  through  this 
tube  so  as  to  become  more  condensed 
in  the  upper  part  of  the  vessel :  on 
turning  the  cockc,  which  opens  the 
tube,  the  elasticity  of  the  condensed 
air  will  press  the  water  out  as  a  beau- 
tiful jet  rising  from  the  pipe  to  a 
height  proportioned  to  the  density  of 
the  air.  Or  if  such  a  vessel,  with  air 
of  common  density,  be  placed  uudeci 
M.2 
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a  tall  air-pump  receiver,  on  working  the  pump^ 
the  jet  of  water  immediately  rises. 

The  elasticity  of  air  is  rendered  very  serviceable 
near  great  water-pumps,  such  as  those  used  for  the 
supply  of  cities.  A  pump  can  only  throw  its 
water  by  a  distinct  gush  at  each  stroke,  while  die 
current  through  the  pipe  towards  the  city  should 
be  quite  uniform.  This  object  is  attained  bj 
causing  the  gushes  from  the  pump  a  to  ^iter  by  k 

at  one  side  of  a*  laige 
vessel  c,  of  which  the  up- 
per half  is  All!  of  air,  and 
from  the  other  ^de  of 
which,  at  ^,  the  water^ 
issues  on  its  journey.  The 
air  in  this  vessel  (caHed 
tibe  air-vessei)  is  soon  so  condensed  by  the.eot^* 
ing  water,  that  its  resisting  elasticity  forcesi^he 
watel*  along  the  pipe  d,  and  each  entering  gos^ 
has  only  the  effect  of  compressing  the  air  a  little 
more  for  the  moment,  while  the  flow  in  the  great 
pipe  continues  nearly  uniform.  The  pump 
itself  is  made  to  take  in  a  little  air  at  each  stroke, 
so  that  the  vessel  is  always  supplied,  and  a 
little  is  constantly  passing  on  with  the  water,  and 
efffecting  the  highly  useful  purpose  of  giving 
an  elasticity  to  the  whole  contents  of  the  pipe 
and  its  ramifications. 

The  same  object  is  attained  by  the  same  means 
in  the  fire-engine  used  to  check  conflagration^ 
This  has  in  general  several  water-pumps  working 
together,  which  throw  their  interrupted  supply 
into  an  air  vessel,  and  from  thence  it  passes  in  a 
uniform  jet  to  the  point  desired. 
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^^Trate  eOTopressibility  and  corresponding  spring 
of  air  are  remarkably  exhibited  in  that  singula* 
contrivance  of  modem  times,  the  diving  beU. 
It  is  a  vessel  in  which  men  can  descend  with 
safety  to  great  depths  in  the  ocean,  there  to  re- 
side and  labour,  so  as  to  attain  many  objectfi 
of  high  importance  to  them.  The  recovery  of 
sunken  treasures  by  it  is  a  trifling  matter — but  it 
enables  them  to  pursue  works  of  submarine  ar- 
chitecture, and  to  construct  light-houses  and  noble 
harbours,  where  formerly  no  foundations  could 
have  been  laid.  The  diving  bell,  in  point  of  j 
atility,  has  proved  a  remarkable  contrast  to  its 
sister  invention — the  balloon  ;  which  last,  although 
so  wondrously  bearing  man  aloft  to  the  regions  of 
the  clouds,  takes  him  tliere  for  little  advantage* 
and  with  danger,  nay,  often  with  destruction  to  life. 
The  diving  bell  is  a  large  heavj'  open-mouthed 
vessel,  with  accommodation  in  it  for  one  or  more 
persons.  It  is  let  down  into  the  water  from  a  ship 
or  barge  fitted  to  it,  with  its  open  mouth  under* 
most  On  first  entering  the  water  it  appears  ftiU 
of  air:  but  air  being  compressible  according  to  ^ 
tfie  law  now  explained,  and  the  pressure  of  the 
water  around  the  bell  increasing  exactly  as  it 
descends,  the  volume  of  the  air  gradually  dimi^ 
nishea,  and  at  thirty-four  feet  it  is  reduced  to  half. 
The  bell  is  then,  of  course,  half  full  of  water, 
and  a  person  breathing  in  it  receives  twice  as 
tnuch  air  into  the  hmgs  at  eacli  inspiration  as 
when  at  the  surface.  A  constant  supply  of  fresh 
air  is  sent  down  to  the  bell  by  a  forcing  pump 
above  ;  and  the  heated  and  contaminated  air,  which 
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has  served  tor  respiration,  and  which  rises  to  the 
top  of  the  bell,  is  allowed  to  escape  by  a  cock 
placed  there  for  the  purpose.'  Tlie  men  who 
have  to  work  at  some  distance  from  the  bell  liave 
tubes  of  communication  with  it,  by  which  they 
inhale  the  air  required ;  and  they  allow  this,  when 
used,  to  rise  through  the  water  above  tbem.  A 
man  cannot  breathe  comfortably  by  such  a  tube 
if  he  be  eitlier  much  above  or  below  tlie  level  of 
the  water  in  the  bell :  for  it'  above,  the  air  in  the 
bell  is  more  compressed  than  his  cheat,  and  is 
forced  towards  him  so  as  to  require  an  effort  to 
control  its  admission ;  and  if  below,  bis  chest  is 
bearing  greater  pressure  than  the  air  in  the  bell, 
and  he  must  therefore  act  strongly  with  the  mus- 
cles of  the  ribs  to  draw  the  air  down  to  him.  A 
phenomenon  similar  to  this  takes  place  when  two 
bladders  of  air  are  connected  by  a  long  tube,  and 
are  immersed  in  water  to  unequal  depths  ;  tlie  air 
is  always  strongly  forced  from  the  lower  into  the 
upper  one,  because  the  lower  one  is  more  forcibly 
pressed.  The  difficulty  of  pumping  air  down 
to  the  diving  bell  increases,  of  course,  with  the 
depth  to  which  it  has  descended  :  for  if  the  bell 
he  so  low  that  the  water  is  pressing  on  the  air  in 
it  with  a  force  of  fifteen  pounds  per  inch  (which 
would  happen  at  thirty-four  feet),  it  is  evident 
that  a  syringe  or  pump  cannot  inject  more  air 
unless  it  act  with  a  force  greater  than  this.  Men 
now  work  in  the  diving  bell  and  about  it  with  so 
little  discomfort,  that  the  wages  of  submarine 
labour  are  very  little  higher  than  of  any  other. 
It  is  remarkable,  now  that  the  use  of  the  diving 
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bell  has  become  so  familial-,  tliat  a  kindred  and 
still  more  simple  means  has  not  been  introduced 
for  certain  pui'poses,  particidarly  at'  sudden 
emergency,  such  as  to  aid  in  the  recovery  of  the 
bodies  of  drowning  persons.  A  ten-gallon  cask, 
or  vessel  of  any  kind,  filled  with  air  and  made 
heavy  enough  to  sink  in  water,  with  a  breatliing 
tube  from  it  like  those  of  diving  bells,  would  be 
a  provision  of  air  for  a  man  under  water  for  ten 
minutes,  and  with  this  under  his  arm,  he  might 
instantly  descend  from  a  boat,  or  walk  from  the 
shore  into  water  of  any  depth,  to  recover  the  • 
body  of  a  fellow-creature  lately  sunk,  and  in  time 
probably  to  save  the  life,  which  a  few  minutes 
wasted  in  waiting  or  in  unsuccessful  dragging 
would  suffer  to  be  lost.  The  tube  would  issue 
from  the  upper  part  of  the  vessel,  and  there 
would  be  an  opening  at  the  bottom  to  allow  water 
to  enter  to  compress  the  air  proportionaUy  to  the 
depth,  and  to  replace  it  aa  used.  The  author 
would  propose  this  as  an  addition  to  the  apparatus 
of  the  Humane  Society  for  the  recovery  of  per- 
sons apparently  drowned. — It  shews  how  remote 
from  common  trains  of  thinking  the  truths  are 
connected  with  the  constitution  of  our  atmosphere; 
when  a  means  so  simple  and  easily  procured  as  that 
now  described,  should  never  have  been  thought 
of  or  tried  in  any  way  by  pearl-fishers,  or  by 
those  who  gain  their  bread  by  diving  to  recover 
things  dro[)ped  overboard  in  harbours  or  anchor- 
ing stations,  and  who  have  hitherto  been  limited 
to  the  single  gulp  of  air  which  they  take  on  de- 
scending. In  any  case  of  a  man  working  inider 
u  t 
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water,  cask  after  cask  of  air  might  be  scmt  dcKRrn  to 
enable  him  to  remain  as  long  as  necessary. 

There  is  an  exceedingly  beautiful  philosophical 
toy,  of  which  the  action  depends  chiefly  on  the 
elasticity  of  air ;  and  as  it  moreover  illustrates 
most  of  the  laws  of  fluidity,  it  is  deemed  worthy 
of  description  here*  It  is  a  small  balloon  or  thin 
1^  globe  of  glass  c,  with  an  opening  at 
the  bottom,  and  having  its  little  car 
or  basket  hanging  to  it  If  put  to 
float  in  water  while  the  globe  c<mtains 
air  (xily,  it  is  so  light  that  half  of  it  re- 
mains above  the  surface;  but  water 
may  be  introduced  into  the  globe  so  to 
adjust  the  specific  gravity,  that  it  may 
be  only  a  little  less  than  that  of  water* 
If  such  a  balloon  be  placed  in  a  tall  jar  of  water 
a  bt  the  mouth  of  which  is  closely  covered  by 
bladder-skin  or  India  rubber  tied  upon  it,  oil 
pressing  such  covering  with  the  hand,  the  balr 
loon  will  immediately  descend  in  the  water:  it 
will  rise  again  when  the  pressure  ceases,  and  will 
float  about,  rising,  or  falling,  or  standing  still,  ac- 
cording to  the  pressure  made.  The  reason  of  this 
is,  that  pressure  on  the  top  immediately  condenses 
the  air  between  the  water  surface  and  the  cover ; 
this  condensation  presses  upon  the  water  below» 
and  by  influencing  it  through  its  whole  extent, 
compresses  also  the  air  in  the  balloon  globe,  and 
forces  just  as  much  more  water  into  this  as  to  render 
the  balloon  heavier  than  water,  and  therefore  heavy 
enough  to  sink.  As  soon  as  the  pressure  ceases, 
the  elasticity  of  the  air  in  the  balloon  repels  again 
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the  lately  entered  water,  and  the  machine  being 
-then  lighter  than  water,  ascends  to  the  top.  If 
the  balloon  be  adjusted  to  have  a  specific  gravity 
to  nearly  that  of  water,  it  will  not  rise  of  itself  after 
once  reaching  the  bottom,  because  the  pressure 
of  the  wate  rthen  above  it  will  perpetuate  the  con- 
densation of  the  air  which  caused  it  to  descend. 
It  may  even  then,  however,  be  made  to  rise  again 
by  inclining  the  water  jar  to  one  side,  so  that  the 
perpendicular  height  of  water  over  it  shall  be  di- 
minished. 

This  toy  proves  many  things — the  materialily 
of  air,  by  the  pressure  of  the  hand  on  the  top 
being  communicated  to  the  water  below  through 
the  air  in  the  upper  part  of  the  jar — the  com- 
'pressibility  of  air  by  what  happens  in  the  globe 
just  before  it  descends — the  ckslk  force  of  air 
when,  on  the  pressure  ceasing,  the  water  is  again 
expelled  from  the  globe — the  lightness  of  air  in  the 
buoyancy  of  the  globe — it  shews  that  in  a  fluid 
the  pressure  is  in  all  directions,  because  the  effects 
happen  in  whatever  position  the  jar  be  held — it 
shews  that  pressure  is  as  the  depth,  because  less 
pressure  of  the  hand  is  required  the  farther  that 
the  globe  has  descended  in  the  water — and  it  ex- 
emplifies many  circumstances  of  Jiuid  support, 
A  young  person,  therefore,  familiar  with  this  toy, 
has  learned  the  leading  truths  of  hydrostatics 
and  pneumatics,  and  has  had  much  amusement 
as  well  as  instruction. 

On  the  same  principle  as  the  balloon  now  de- 
scribed, three  or  four  little  figures  of  men  may 
be    formed    of  glass,    hollow    within,    and    each 
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having  a  minute  opening  at  the  heeL  If  thesebe 
placed  in  a  jar  like  the  balloon,  and  be  adjusted 
by  the  quantity  of  water  admitted  into  them,  so 
that  they  shall  all  differ  a  little  in  specific  giaTity^ 
<m  pressure  being  made  on  the  cover  of  the  jar»  the 
heaviest  will  descend  first,  and  the  others  in  suc- 
cession i  and  they  will  stop  or  return  to  the  smv 
face  in  reverse  order  when  the  pressure  ceases.' :  A 
perscm  exhibiting  these  figures  to  people  ignorant 
of  the  subject  seems  to  have  the  power  of  (urdering 
their  movements  as  he  wills.  If  the  jar  contain- 
ing the  figures  be  inverted,  and  the  cover  be 
placed  over  a  hole  in  the  table,  through  which 
pressure  can  be  made  upon  it  unobserved,  by 
something  rising  through  the  hole  and  obeying 
the  foot  of  the  exhibitor,  the  most  amusing  and 
surprising  evolutions  may  be  produced  among 
the  little  men,  in  perfect  apparent  obedience  to 
word  of  command. 

The  beautiful  fountain,  called  the  fountain  of 
,  (       Hero,   by  which   water  is  made 
to    spout    far  above   its  source, 
depends  for  its  action  upon  the 
elasticity  of  compressed  air.  The 
vessel  d  is  first  filled  with  water, 
jj  jfp^  \\(i  while  b  and  a  contain  air  only. 
»_JI     Q^  ^j^^j^  pouring  water  into  a,  the 

water  of  d  immediately  darts  up- 
wards through  the  jet  pipe  e,  to  an 
elevation  nearly  equal  to  the  length 
of  the  tube  from  a  to  b.  The  rea- 
son is,  that  the  water  from  a  de- 
scends by  the  tube  to  *,  and  corn- 
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presses  the  air  at  c,  which  compression,  conveyed 
along  the  tube  from  c  to  d,  acts  on  the  water  in  the  " 
vessel  d,  and  causes  it  to  jet.     The  pressure  being 
produced  by  the  column  of  water  a  h,  the  jet  is 
proportioned  to  the  length  of  that  column. 

Having  now  explained  the  two  peculiarities 
which  distinguish  aeriform  from  other  fluids,  inz, 
their  lightness  and  extensive  elasticily,  we  proceed 
to  shew  that  they  have  the  four  other  properties 
already  described  under  hydrostatics,  as  belong- 
ing to  fluids  generally  :  and  first 

*'  Pressure  in  all  directions"    (Read  the  anali/sis  at 
pages  226  and  285.) 

A  quantity  of  air  or  gas  shut  up  in  any  vessel, 
and  compressed,  is  equally  aflTected  throughout, 
and  its  tendency  to  escape  is  equal  in  all  direc- 
tions, as  is  proved  by  the  force  necessary  to  keep 
similar  valves  close  wherever  placed.  Hence  the 
hydrostatic  press  and  hydrostatic  bellows,  de- 
scribed in  last  section,  wliich  depend  for  their 
action  on  this  law,  may  be  worked  by  air  or  gas 
as  well  as  by  a  Hquid. 

Owing  to  this  law,  air,  if  allowed,  will  always 
rush  from  where  there  is  more  to  where  there  is 
less  pressure.  The  actions  of  the  common  fire 
bellows,  and  of  the  animal  chest  in  breathing, 
blowing,  sucking,  &c.  are  so  many  instances. 

The  suddenness  with  which  any  compression 
made  on  part  of  a  confined  aeriform  fluid  is  com- 
municated throughout  the  whole,  is  seen  strikingly 
in  the  simultaneous  increase  or  burst  of  all  the 
gas  lights  over  an  extensive  budding,  or  even  a 
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town,  at  any  instant  when  the  force  supplying  the 
gas  is  angmented. 

Many  very  interesting  illostrations  of  the  fluid 
pressure  of  air  acting  in  all  directions  will  ciceur 
under  the  next  head,  mixed  up  with  proofs  of 

the  atmospheric  pressure  being  as  the  depth* 

•  ■     .  ■  '    ■ 

••  Pressure  as  the  depthJ^    (Read  the  analysis*} 

On  first  approaching  this  subject,  one  may  be 
surprised  to  fmd  the  depth  of  the  atmosphere 
mentioned  as  something  perfectly  ascertained, 
although  no  man  can  ever  have  approached  the 
surface  to  measure  it ;  but  science  often  furnishes 
means  of  discovering  precise  truth,  where  ig- 
norance  does  not  even  dream  of  the  possibility. — 
It  may  facilitate  the  apprehension  of  this  point  as 
regards  air,  to  describe  first  a  similar  case  a»  Re- 
gards water.  ' 

The  bottom  of  a  lake  supports  all  the  water  m 
the  lake,  and  each  portion  bears  just  the  weight 
of  the  water  directly  over  it :  a  means  then  of 
ascertaining  the  weight  or  pressure  on  any  porticm 
of  the  bottom  will  tell  how  much  water  there  is 
over  it,  and  as  we  know  the  bulk  of  a  given  weight 
of  water,  will  tell  how  deep  it  is  at  that  part 
In  like  manner,  the  ocean  of  air  which  surrounds 
the  globe  rests  with  its  whole  weght  upon  the 
surface  of  the  globe,  and  each  portion  ci  the 
surface  bears  its  own  share :  by  ascertaining 
then  the  pressure  of  the  atmosphere  on  a  given 
extent  of  surface,  we  find  how  much  air  is  stand- 
ing directly  over  it;  in  other  words,  the  weight  of 
a  column  of  air  resting  on  such  surface  as  its  base, 
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and  reaching  to  the  top  of  tiie  atanospliere.  Now 
having  the  weight  of"  the  whole  column,  and 
the  weight  of  a  cubic  foot  of  air  at  the  bottom 
of  it  (ascertained  as  dtscribed  at  page  289)  and 
knowing  the  law  of  aerial  elasticity,  we  determine 
the  height  of  the  column  by  a  simple  calcu- 
lation. Most  accurate  experiments  shew  that  the 
weight  of  air  over  everj-  square  inch  of  the  earth's 
surface  is  nearly  fifteen  pounds,  producing  the 
same  pressure  that  would  be  made  by  an  addition^ 
ocean  of  water  of  thirty-four  feet  in  depth,  or  by 
an  ocean  of  quicksilver  of  tliirty  inches  ;  and  from 
this  fact,  and  the  ascertained  lightness  and  elas. 
ticity  of  air,  we  find  that  its  depth  on  earth  must 
be  nearly  fifty  miles.  The  remaining  part  of  thia 
section  has  chiefly  to  trace  and  to  prove  the 
effects  of  such  a  mass  of  matter  resting  upon  the 
earth's  surface,  and  embracing  every  thing  placed 
there. 

Water  is  a  substance  much  more  obvious  to  the 
human  senses  than  air,  and  is  constantly  under 
observation ;  yet  many  of  its  most  important 
agencies  escape  the  notice  of  common  observers. 
Few  persons,  for  instance,  discover  of  themselves 
the  law  explained  in  last  section,  of  the  pres- 
sure increasing  in  it  as  the  depth  :  but  when, 
they  find  that  a  piece  of  cork  plunged  deep  int» 
water  is  compressed  to  a  foiu"th  of  its  bulk,  and 
that  strong  empty  vessels  of  glass,  and  even  of 
metal,  are  crushed  inwards  by  the  weight,  and 
that  pieces  of  sunken  wood  are  filled  with  water 
through  all  their  internal  structure,  so  as  to  become 
heavier  than  stone,  &c.,  the  mind  is  roused,  and 
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.  at  last  perceives  every  where  the  influence  of  tlie 
Jaw.  If  the  truths  of  hydrostatics  thus  escape 
notice,  we  need  not  wonder  that  those  of  pneu- 
matics are  still  longer  in  forcing  themselves  on 
our  attention. 

If  a  common  drinking  glass  or  tumbler  be 
filled  with  water,  and  a  piece  of  bladder  be  tied 
closely  over  its  mouth,  on  allowing  it  to  sink  to 
the  bottom  of  a  mass  of  water,  and  to  stand  there 
with  its  mouth  upwards,  the  bladder  skin  exhibits 
no  signs  of  being  pressed  upon,  although  bearing 
on  its  upper  side  the  whole  weight  of  the  water 
immediately  above  it :  the  reason  is  that  the 
water  beneath  the  bladder  resists  just  as  strongly 
as  that  above  presses ;  but  if,  by  means  of  a 
syringe  or  pump,  the  water  be  extracted  from 
within  the  glass,  the  bladder  itself  will  then  have  to 
bear  the  whole  pressure  o£  the  water  above  it,  and 
will  probably  be  torn  or  burst.  The  degree  of 
pressure,  and  consequently  the  depth  of  water,  in 
such  a  case,  might  easily  be  ascertained,  by 
placing  some  support  of  which  the  action  could 
be  measured  under  the  bladder,  to  sustain  it  after 
the  removal  of  the  interior  water — Now  this  phe- 
nomenon may  be  exactly  copied  in  our  atmosphere 
or  sea  of  air.  A  glass  held  in  the  hand  is  im- 
mersed in  the  fluid  air,  and  is  full  of  it,  as  the  other 
gla»s  was  of  water :  its  mouth  may  be  covered 
Over  with  bladder,  and  no  external  pressure  will  be 
apparent,  because  there  is  a  resistance  of  the  air 
within,  just  equal  to  the  pressure  of  the  air  on  the 
outside.  But  if  the  air  be  extracted  from  under  the 
Covering,  by  means  of  an  air  pump  acting  through 


ATMOSPHERIC    PilESSURI!    ON    SiOLlDS.  -W?' 

an  opening  in  the  bottom  of  the  glass,  the  bladder  is 
first  seen  sinking  down  and  becoming  hollow  from 
the  weight  of  the  air  over  it,  and  at  last  bursting 
iowards  with  a  great  noise  or  crack.  By  placing 
a  circular  piece  of  wood  under  the  bladder  skin, 
in  sucTi  a  case,  for  it  to  rest  on,  and  a  spring  of 
known  force  to  support  the  wood,  we  may  ascer- 
tain very  nearly  the  weight  and  pressure  of  the 
air  over  it.  The  problem,  however,  can  be 
solved  more  elegantly  and  accurately  by  means 
of  the  barometer  to  be  described  further  on. 
This  phenomenon  of  the  atmospheric  pressure 
is  often  shewn  by  placing  the  hand  on  the  mouth 
of  a  glass  so  as  to  cover  it  closely,  and  by  then 
extracting  the  air  from  underneath  the  hand  :  the' 
weigiit  of  the  atmosphere  holds  the  hand  down 
upon  the  mouth  of  the  glass  with  a  force  of  tiiieen 
pounds  on  the  inch. 

As  should  follow,  from  the  pressure  of  fifteen! 
pounds  per  inch  thus  detected  at  the  surface  of 
the  earth  being  the  weight  of  our  superincum- 
bent atmosphere,  we  find  that  exactly  as  we  rise- 
from  the  earth,  the  pressure  diminishes.  Thir 
tact  now  furnishes  the  readiest  means  of  acertaiu- 
ing  the  height  of  mountains  and  of  balloon  as-i 
cents,  as  will  be  explained  in  considering  the 
barometer. 

After  the  many  explanations  now  given  of  fluid: 
pressure  being  equal  in  all  directions,  it  is  almost 
superfluous  to  remark,  that  the  downward  weight 
of  the  atmosphere  of  fifteen  poimds  on  the  inch' 
becomes  a  pressure  in  all  directions,  and  that  the 
bladder  described  abovd  would  be  as  reatlily  buret 
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if  tMOWii  $MttW9j%  sfr  if  ■■■■■■  II  wH«^uj  irw—^w  9 
thtwfew  efCfy  hodjr iMilbe mfiKe flf  die euA, 
dtMl  or  Unnf^  wdUL  or  indL  iscoaipvnMd  aH 

^  AtmMfhtrie  prtaurt  cm  woSdsT 

Tbe  atmiMphere^  tiieii»  pioKs  oo  the  two 
Mi»  c^  a  plate  of  glaat  or  meld,  widi  force 
of  fifteen  pounds  on  the  inch,  although  no  sen. 
Mbk  effect  foUows,  because  the  o|qNisite  preaMifes 
counterbalance;  but  if  two  {rfates  of  smooth 
f^Mm  M  metal  be  bud  against  each  other,  and  if 
air  be  prevented  from  entering  between  than  at 
their  edges,  they  cannot  be  separated  by  less  force 
than  fifteen  pounds  per  inch  of  their  surfiwe. 

To  draw  the  pisUm  of  a  syringe  from  the  bot> 
torn  of  its  barrel,  while  no  air  is  allowed  to  enter 
between  them,  requires  force  of  fifteen  pounds 
to  the  square  inch  of  surface  of  the  piston. 
But  if  the  experiment  be  made  in  the  exhausted 
receiver  of  an  air-pump,  the  piston  falls  by  its 
own  wciglit,  and  is  pushed  back  immediately  on 
readmitting  the  ain  And  whenever  there  is  a 
vacuum  produced  at  the  surface  of  the  earth, 
tliero  is  an  external  pressure,  to  the  extent  stated, 
seeking  admittance  all  round. 

T1h»  receiver  of  an  air  pump  of  five  inches  dia- 
meter has  nearly  twenty  square  inches  of  surface 
in  its  up])er  part  or  roof,  and  bears  a  weight  of 
atmosphere  of  twenty  times  fifteen,  or  three  hun- 
dred pounds.  While  it  has  air  within  it,  this 
pressure  is  exactly  balanced  and  is  not  sensible : 
but  when  exhausted  on  th6  plate  of  the  air-pump, 
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(it  is  pressed  to  the  plate  witli  tliis  force.      As  tlie 

atmospheric  pressure  is  in  ail  directions,  tlie  pump 

plate  of  course  is  equally  pressed  upwards  against 

the  receiver,  and  the  sides  of  the  receiver  are 

pressed  towards  each  other.     This  explains  why 

the  air-pump  receivers  must  be  made  arched  or  of 

dome-sliape  to  withstand  tlie  great  pressure.     A 

fiat  piece  of  glass  of  great  tliickness,  laid  upon  the 

tapper  mouth  of  a  receiver,  so  as  to  form  an  air- 

(ijght  cover  to  it,  is  broken  instantly  by  exhausting 

ic  air  beneath  it ;  and  a  bottle  or  receiver  with 

lat  sides  suffers  in  the  same  manner. 

Illustrative  of  tJiis    pressure  on  solids  is  the 

periraent  of  the  Magdeburgh  hemispheres,  as 

is  called.     Two  hollow  half  globes  of  metal, 

a  and  b,  are  fitted  to  each  other,  so 

that  their    lips    when    touching  may 

be    air-tight.      While    there    is    air 

between    them    or    within,    resisting 

the  pressure  of  tlie  outward  air,  these 

hemispheres  can  be    separated   from 

each     other  without    difficulty ;    but 

rhen  the  air  is  exhausted  from  within  by  the  air- 

imnp,  a  force  of  as  many  times  fifteen  pounds  is 

squired  to  separate  them   as    there  are  square 

ches  in  the  area  of  the  mouth.     The  air  is  ex- 

racted  by  imscrcwing  one  of  the  handles  at  b, 

rd  then  connecting  the  remaining  stalk  (which 
hollow,  and  has  a  stop-cock)  with  tlie  aii'-pump. 
This  experiment  merits  recollection,  because  it 
'as  one  of  the  first  wliicli  drew  attention  to  the 
ibject  of  the  material  nature  and  properties  of 
le  air:  and  it  astonished  the  world.     Otto  de 
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Guericke,  of  Magdeburgh,  the  inventOF,  htdi 
hemispheres  made  of  a  foot  diameter,  and  8ix> 
coach-horses  of  the  emperor  were  unable  to  pull; 
f^e  halves  asunder.  There  being  no  air-pump  at 
that  time,  Guericke  emptied  the  balls  of  their  air 
by  first  filling  them  with  water,  and  then  pumpil^ 
this  out  by  a  pump  or  syringe  at  the  bottom. 

It  is  a  phenomenon  of  the  same 
kind,  when  a  boy  with  his  foot 
presses  a  circular  piece  of  w«t 
leather  ^  against  a  large  stona' 
bj  and  then  tries  to  detach  it  by 
I  pulling  at  a  cord  c,  rising  fimn 

^    1^  its  centre.    If  the  leather  be  hi 

^^^^/        close  in  its  texture  that  air  caniiali 

pass  through  it,  and  stiff  enough 
not  to  be  puckered  or  drawn  to- 
gether, he  must  exert  a  force  to 
detach  it  (^  as  many  times  fifteen  pounds  as  there 
are  square  inches  of  surface  covered  by  it,  for  such 
is  the  weight  or  pressure  of  the  air  over  it,  while 
there  is  no  counterbalancing  pressure  under  it 
nearer  than  on  the  other  side  of  the  stone.  If 
this  sucfcer,  as  it  has  been  called,  be  attached  to 
a  loose  stone  which  weighs  less  than  the  weight 
now  mentioned,  the  stone  may  be  lifted  by  it. 
A  very  large  sticker  applied  upon  a  rock  or  wall, 
would  resist  the  pull  of  horses  just  as  the  Mag- 
deburgh  hemispheres  do. 

The  simple  contrivance  now  described  seems 
excellently  adapted  to  a  purpose  of  obstetric  isur- 
gery,  viz.  as  a  substitute  for  the  steel  forceps  in 
the  hands  of  men   of  little   manual   dexterity, 
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whether  this  depends  on  inexperience  or  on  natu- 
ral inaptitude.  The  consideration  of  it  in  this 
light  properly  belongs  to  the  next  medical  section; 
but  as  its  true  mode  of  action  is  not  very  readily 
conceived  by  persons  who  either  have  never  been 
instructed  in  the  general  laws  of  physics,  or  who 
have  ceased  to  be  familiar  with  them,  it  is  thought 
preferable  to  make  the  few  following  remarks 
here.  A  pnettmatic  tractor  (for  so  the  author 
would  propose  to  designate  the  contrivance)  of  \ 
three  inches  in  diameter,  would  act  upon  any  body, 
to  lift  or  draw  it,  with  a  force  of  about  a  hundred 
pounds,  and  with  much  more,  therefore,  than  is 
ever  required  or  allowable  in  obstetric  practice. 
As  in  lifting  a  stone,  the  tractor  does  not  act  as 
if  it  were  glued  or  nailed  to  a  part  of  it,  but 
bears  or  takes  off  the  atmospheric  pressure  from 
one  part,  and  allows  that  on  the  opposite  side, 
from  not  being  then  counterbalanced,  to  push 
the  stone  in  the  direction  of  the  tractor;  so 
when  applied  upon  the  head,  it  would  not  at  all 
pulf  by  the  skin  in  the  manner  of  a  very  strong 
adhesive  plaster  apphed  there,  as  uninformed  per- 
sons would  be  apt  to  suppose,  but  by  taking  off  a 
certain  atmospheric  pressure  from  the  part  of  the 
head  on  which  it  rested,  it  would  allow  the  pres- 
sure on  the  other  side  or  behind  to  urge  the  head 
forward  on  its  way.  Of  course  the  acting  pres- 
sure in  such  a  case  is  not  made  on  the  head 
directly,  but  through  tlie  intervening  parieties 
and  contents  of  the  abdomen.  It  would  be  pre- 
ferable always  to  have  a  gentle  and  diffused  action 
of  tlie  tractor  over  a  large  space,  rather  than  an 
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intense  action  on  si  small  space,  and  therefore  » 
tractor  for  the  purpose  now  contemplated  should 
not  be  very  small,  and  should  have  a  little  air  un- 
derneath it  in  a  slight  depression  or  cavity  at  ita 
ccntre.^ — The  tractor  may  be  used  to  assist  iii 
raising  depressed  portions  of  a  fractured  skull, 
and  might  thus  sometimes  save  the  operation  of 
trepanning.  It  would  be  preferable  to  a  small 
cupping  glass  for  such  a  purjjose,  because  it  is 
perfectly  inactive,  except  during  the  instants 
when  pulled  at ;  while  a  cupping  glass  keeps  up  a 
continueil  flow  of  blood  to  the  part,  and  might 
thereby  do  injury.  The  tractor,  however,  might 
be  made  to  answer  the  common  purposes  of  cup- 
ping glasses,  where  these  could  not  be  obtained, 
both  to  prepare  a  part  for  scarification,  and  after- 
wards to  increase  the  flow  of  blood  from  tlie 
punctures. 

It  is  from  having  feet  that  act  on  the  principle 
of  the  tractor,  that  certain  insects  can  walk  aloijg 
ceilings  with  their  bodies  hanging  downwards ; 
and  there  are  fishes  which  attacli  themselves  to 
rocks,  or  other  objects,  by  a  similar  action. 

If  two  pneumatic  tractors  be  applied  to  each 
other,  men  pulling  opposite  ways,  to  separate 
them,  must  act  with  a  force  of  fifteen  pounds  to 
the  square  inch  of  the  surface  of  contact  This 
experiment  approaches  in  its  nature  to  that  of 
the  Magdeburgh  hemispheres. 

The  action  of  this  tractor  may  be  well  exem- 
plified under  water.  A  body  with  a  flat  surface, 
applied  to  a  flat  bottom,  so  as  perfectly  to  exdude 
the  water,  bears  the  whole  weight  of  the   water 
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over  it,  and  requires  great  force  to  detacli  it. 
And  in  like  manner,  under  mercury,  a  flat  piece 
of  cork  pushed  against  the  smooth  bottom  of  the' 
vessel,  so  as  to  expel  the  mercury  from  between 
them,  is  held  down  by  the  weight  of  the  column 
of  mercury  above  it,  and  by  the  weiglit  of  the 
atmosphere  over  the  mercury :  wliich  weight  adds 
a  pressure  of  fifteen  pounds  to  every  inch  on  the 
surface  of  a  body  thus  immersed  in  any  liquid. 


vfieric pressure  on  liquids" 

The  pressure  of  the  atmosphere  on  liquids  pro^ 
duces  many  striking  effects,  and  now  that  we 
comprehend  them,  we  wonder  that  tliey  should 
have  been  so  long  misunderstood.  It  is  familiarly 
exemplified  in  the  action  of  pumps  and  syphons. 
All  such  phenomena,  in  former  times,  were  re- 
ferred to  what  was  called  naiure's  horror  of  a 
vactittm,  or  to  an  obscurely  imagined  principle  of 
suction.  It  was  not  until  the  time  of  Galileo  that 
their  true  nature  began  to  be  detected.  The 
discovery  has  led  to  many  very  important  results 
in  the  arts. 

Persons  may  at  fiist  have  difficulty  in  conceiving  _ 
how  a  fluid  so  rare  and  subtUe  as  air  can  press 
upon  or  aft'ect  a  dense  liquid  like  water :  but  a 
man  carrying  a  hundred  pounds  of  feathers  has 
just  as  great  a  load  as  if  he  carried  a  hundred 
pounds  of  lead.  The  action  of  air  in  contact 
with  water  is  familiarly  shewn  in  the  facts,  that  a 
vessel  does  not  fill  with  water  when  plunged  from 
the  air  into  it  witli  the  mouth  dowuwards,  and 
x3 
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dut  when  a.  tube  c^n  at  both  ends  hss  beca  ftt- 
tially  immereed  in  water,  and  tfaeR^xe  partidBy 
filled*  the  water  can  be  forced  out  of  it  by  Uow- 
ing  air  with  the  mouth  in  at  the  vppex  atd. 

That  there  is  fifie^i  pounds  we^ht  of  air  above 
every  «qtiare  inch  ef  the  earth's  boi&o^  bm  al- 
ready been  proved,  in  our  ctmsdnation  of  the  at- 
mospheric eflfecta  upcffl  a<rfids ;  and  we  now  pro- 
ceed to  shew  that  the  many  reoiarifaUe  pheDemcna 
among  liquids,  which  long  appeared  so  mystenons, 
are  merely  the  necessuy  consequences  of  the 
same  pressure  upon  them.  It  will  facilitate  the 
eomprebeosion  of  these  effects,  if  we  first  vixlr 
them  88  they  may  be  produced  by  more  vioUe 
agents,  viz.  by  one  liquid  pressing  upon  another-^ 
oU#  for  instuice,  upon  water. 
It  haa  ahready  been  said,  that  an  ocean  of  tul 
q>read  over  the  earth*  to 
have  the  sajne  weight  as 
our  atmosphere,  would 
require  to  be  about  thirty- 
seven  feet  deep.  A  deep 
vessel,  then,  a  b  c,  with 
water  in  it  up  to  the  level 
W,  and  with  thirty-seven 
feet  of  oil  above  this,  up 
to  the  level  o,  is  fitted  to 
exhibit  many  of  these 
phenomena.  We  may 
first  remark  that  tlw 
weight  of  the  oil  would 
not  at  all  disturb  the  le- 
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^^Pittrface  of  the  water  at  W,  although  pressing 

on  it  with  a  force  of  fifteen  pounds  to  the  inch.   - 

One  eflfect  of  this  pressure  would  be,  that  in 

propoition    as    the    oil    entered    the    vessel,    the 

water  would  rise  in  such  a  tube  as  i  w   issuing 

from  its  bottom,  as  already  explained  by  the  figure 

'     at  page  259  (which  see) ;   and  when  there  werQ 

fifteen  pounds  of  oil  on  the  inch,  the  water  in  i  w 

would  stand  thirty-four  feet  liigh. — If  these  tliirtyr 

four  feet  of  water  were  tiien  lifted  out  of  the  tube 

by  a  piston  drawn  up  from  the  bottom  of  it  at  i, 

a  second  equal  quantity  would  be  pressed  up  by 

the  oil,  as  before,  and  the  tube  and  piston  would 

constitute  a  pump.    Now  if  the  atmosphere  iiv- 

stead  of  the  oU  is  allowed  to  press  upon  the  water 

I    surface  m  such  a  vessel,  but  is  excluded  from  the 

I    tubes,  the  water  still  rises  thirty-four  feet,  as  in  the 

j     last  case  ;  and  if  this  quantity  be  lifted  out  of  tlie 

tube  by  a  piston,  a  second  equal  quantity  will  b? 

[     pressed  up,  and  the  tube  and  piston  will  exem- 

j     plify  our  common  pump. 

'l         Again,  if  there  were  a  quantity  of  quicksUver 

l'     at  the  bottom  of  the  vessel  up  to  the  level  m,  and 

|i     if  a  tube  i  m  issued  from  under  this  level,   thp 

i     quicksilver  would  rise  in  it  as  the  water  did  in  the 

J     last  experiment  j  but,    by    reason  of   its  greater 

specitic  gravity,  it  would  only  reach  thirty  inches 

while  the   water  stood  at  thirty-four  feet.    Now 

thirty  inches  of  mercury  is  the  height  of  column 

which  the  atmospheric  pressure  acting  in  tlie  same 

way  produces,  as  is  seen  in  the  similar  apparatus 

made  expressly  for  shewing  this,  and  called  a 

barometer,   (or  measure  of  -weight) — an  instrument 

^^  X  '!> 
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which,    as  it  indicates  distinctly  certain  changes 
[  which  take  place  in  the  weight  of  the  atmosphere 
near  it,  has  become  of  great  importance,  as  will 
I  iappear  a  little  farther  on. 

Again,  if  a  tube  d,  of  an  inch  square,  and  open 

at  both  ends,  were  plunged  into  the  oil,  it  would 

of  course  always  be  full  up  to  the  level  of  tlie  oil 

tm  the  outside  of  it ;  and  if  it  were  pushed  low 

enough  to  enter  the  water  at  W,  it  would  just  have 

fifteen  pounds  of  oil  in  it.     The  inch  of  water 

surface  at  its  mouth,  therefore,  would  be  bearing 

weight  of  fifteen    pounds,   like    tlie   surface 

[  iffound,  but  would  not  yield,  owing  to  the  force 

■  with  which  it  teiuled  upwards  to  escape  from  the 

pressure  corresponding  to  its  depth  in  the  oil  j 

and  if,  by  a  piston  or  plug  at  e  in  the  tube  d,  the 

fifteen  pounds  of  oil  were  lifted  out  of  it,  water 

would  rise  into  it  until  enough  had  enteretl  to 

I  reproduce  the  pressure  of  fifteen  pounds  on  the 

surface  below  as  before :  that  is  to  say,  the  water 

would  rise  thirty-four  feet,  as  in  the  external  tube 

ttJ  i ;    this   tube   and  piston,    also,   would  form  a 

'pump. — In  like  manner,  in  a  tube  open  at  both 

'ends,  and  plunged  from  the  air  into  water,  the  air 

presses  on  the  surface  of  the  water  within  the 

[  "tube,  as  well  as  around  it,  with  a  force  of  fifteen 

I  -pounds  to  the  inch,  and  the  water  surfaces  are 

I  not   affected   by  the  equal  pressures ;  but  if  we 

tift  the  air  out  of  the  tube  by  a  piston,  as  we  did 

the  oil  in  the  last  experiment,  the  water  will  then 

Yise  thirty-four  feet,  following  the  piston.     This 

arrangement  of  parts  is  the  most  usual  in  what  is 

called  the  lifting  or  household  pump. 
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Again,  if  a  common  bottle  or  a  vessel  of  any 
other  shape,  as  the  bent  tube  e,  were  filled  with 
water,  and  plunged  under  the  oil  until  its  mouth  ot 
mouths  reached  below  the  water  surface  at  the 
level  W,  it  would  remain  full  of  water,  owing  to 
the  pressure  of  the  oil  surrounding  it : — and  for 
the  same  reason,  any  such  vessel  or  tube,  surround-  ' 
ed  only  by  the  air,  if  filled  with  water,  and  having 
its  raouth  or  mouths  plunged  into  water,  remains 
full ;  and  if  one  end  of  the  tube  be  longer  tlian 
the  other,  a  current  is  established,  and  the  con- 
trivance is  called  a  syyhon. 

A  fish  in  the  water  below  the  level  W  would  be  ' 
bearing  the  pressure  of  the  oil  from  O  to  W,  as 
well  as  that  of  the  water ;  so  a  fish  in  any  water 
open  to  tiie  air,  bears  the  atmospheric  pressure  of 
fifteen  povnds  per  inch,  in  addition  to  that  of  the 
water  itself.  This  is  proved  by  extracting  the 
air  from  over  water  in  which  a  fish  is  swimming : 
for  then  the  air-bag  of  the  fish,  situated  near  its 
under  side,  as  already  described,  immediately 
dilates  and  turns  the  fish  upon  its  back. 

To  separate  the  Magdeburgh  hemispheres,  or 
to  produce  a  vacuum  in  anyway,  under  the  water 
level  W,  would  require  force  projiortioned  to  the 
weight  of  oil  above,  (here  and  in  all  the  pre- 
ceding cases  we  suppose  the  oil  to  be  protected 
from  the  pressure  of  the  atmosphere) ;  and  to 
separate  the  Magdeburgh  hemispheres  under  any 
water  surface  pressed  upon  by  the  atmosphere, 
requires  ^fteen  pounds  per  inch  more  than  what 
balances  the  ettect  of  tlie  water  itself. 
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The  common  UfHng  pitg^  then 
(or  sucking  pump  as  it  uAd  to  be 
called),  is  merely  a  barrel  a  b,  vitib  a 
close-fitting  ping  or  piston  in  it  c. 
When  the  lower  end  b  is  phinged  into 
water,  and  the  piston  is  raued  froia 
the  bottom,  the  atmosphere  b&ng 
prevented  from  pressing  oa  the  sm*- 
face  of  water  within  the  tlibe,  iti 
pressure  on  the  surface  external  tti  it 
drives  the  wat»  up  aiter  the  piston.  That  the 
water  which  thus  rises  may  not  fall  again,-  there  ik 
»  valve  or  flap  at  the  lower  part  of  the  pomp 
barrel  b,  which  only  allows  the  water  to  pam  iqi 
wards;  and  that  the  piston  maybe  allowed  to  pan 
downwards  through  the  water  in  the  pump  barr^ 
to  ■  repeat  its  stroke,  there  is  a  similar  valve  in  it* 
^e  piston,  in  rising  during  the  second  stroke 
causes  all  the  water  above  it  to  run  over  at  the 
spout  d. 

Formerly  a  lifting  pump  was  said  to  act  by 
sucking  the  water  up  from  the  well  beneath  it ; 
but  we  now  see  that  the  piston  merely  lifts  some- 
thing which  was  pressing  on  the  water  in  the  bar- 
rel, and  allows  the  water  to  rise,  in  obedience  to 
the  external  pressure  around.  And' the  reason  is 
now  apparent  why,  in  the  lifting  pump,  the  water 
T^ill  only  follow  the  piston  to  a  certain  elevation. 
The  animal  action  of  sucking  is  an  approxima- 
tion to  what  We  have  been  describing  in  the 
-lifting  pump.  The  diiference  is,  that  the  chest  or 
mouth  can  only  make  apsutial  vacuum,  and  there- 
fore cannot  raise  a  liquid  very  far. 
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When   the  piston  of  a  pump 
•'  13    solid,  or  without  a  valve,  as 

at  c,  tiie  machine  is  called  a 
Jorcing  pump.  The  water  en- 
ters  beneath  the  piston,  as 
already    explained,    and    then, 

mas  it    cannot   rise  through   the 
I         piston,    it  is  forced   by  its  de- 
f^        scent  into  another  direction,  as 
*  to  d.      A  lifting-pump  can  only 

bring  water  from  tiiirty-four  feet 
below  the  piston,  but  a  forcing-pump  can  send  it 
to  any  elevation.  In  forcing-pumps,  it  is  usual 
to  make  the  water  enter  an  air  vessel  d  a  (already 
explained  at  page  296),  from  which  it  issues  by 
the  elasticity  of  the  air  in  a  nearly  uniform  stream, 
through  the  pipe  b. 

The  reason  why  a 
syphon  remains  full  of 
liquid,  altliough  raised 
above  the  general  sur- 
face of  the  liquid,  was 
given  in  page  Sl6.  For 
common  purposes,  a 
syphon  is  made  of  the 
form  here  represented, 
viz.  a  bent  tube  a  b  c, 
with  one  end  longer 
than  the  other.  To  use  it,  the  end  c  being  im- 
mersed in  liquid,  and  the  end  a  being  stopped 
with  the  finger,  the  air  is  extracted  by  the  mouth, 
or  in  any  other  way,  through  the  small  tube  d  a, 
and    immediately    the   atmosphere    fills    it    with 
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liquid  from  c :  if  then  left  to  act,  the  liquid  will 
run  from  the  longer  leg,  until  the  shorter  has 
drunk  up  all  witlun  its  reach.  If  botli  extremities 
be  immersed  in  liquid,  and  in  dificrent  vessels,  the 
liquid  will  only  he  at  rest  in  tiie  syphon  when  the 
surfaces  in  the  two  vessels  are  hrought  to  the  same 
level.  As  it  is  the  same  cause  which  lifts  the 
water  in  a  pump  and  in  a  syphon,  it  is  evident  that 
the  top  of  a  syphon  must  be  within  thirty-four  feet 
of  the  water  surface  below.  In  the  syphon,  as  in 
all  hydrostatic  cases  of  this  kind,  the  comparative 
diameters  of  tlie  legs  is  of"  no  importance,  nor 
their  oblique  length  ;  the  perpendicular 
heights  alone  of  the  two  columns  indi- 
cate the  necessary  relation.  A  syphon  is 
sometimes  made  with  both  legs  equal  and 
turned  up,  as  here  repreaented,  so  that 
it  remains  full  of  liquid  when  removed 
nj  I  I  (n  from  tlie  vessel,  and  therefore  is  always 
ready  for  action. 
The  syphon  is  used  for  drawing  off  liquids, 
where  there  is  a  sediment  that  should  not  be  dis- 
'  turbed,  or  where  it  is  desirable  not  to  make  an 
■opening  in  tlie  vessel  below.  A  large  one  would 
empty  a  lake  or  miU-pond  over  its  bank  without 
injuring  the  bank. 

A  pretty  syphon  toy  is  made,  called  a  Tantalus' 
I  "tup.  It  has  a  standing  human  figure  in  it,  which 
-conceals  a  syphon,  rising  by  one  leg  to  reach  the 
f  ^evel  of  the  chin,  and  then  descending  by  the 
•tother  leg  to  pierce  through  the  bottom  of  the  cup 
•towards  the  reservoir  below.  On  pouring  water 
L-'into  tlie  cup,  the  syphon  begins  to  act  as  soon  as 
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the  water  reaches  the  cliin,  and  the  cup  is  emptied 
as  if  by  magic. 

There  are  some  of  the  infinitely  varied  water-  , 
drains  or  courses  in  tlie  bowels  of  the  earth, 
I  which  are  syphons,  and  which  hence  produce  the 
I  phenomenon  called  an  intermitting  well  or  foun- 
tain. Some  of  these  alternately  run  for  a  day,  and 
cease  for  two  or  three,  or  for  a  longer  or  shorter 
period,  according  to  the  comparative  magnitudes 
of  the  reservoir  and  tlie  drain,  The  reservoir 
may  be  an  internal  cave  of  the  mountain,  re- 
ceiving a  regular  supply  of  water  by  a  slow 
filtering  of  moisture  from  above,  and  its  drain 
must  be  a  syphon-formed  channel,  wliich,  when 
in  action,  carries  off  the  water  faster  than  it  is 
supphed.  There  are  some  fountains  that  flow 
constantly,  but  at  regular  intervals  have  a  re- 
markable increase.  In  such  cases,  a  common 
spring  must  be  joined  with  a  syphon-spring. 

The  author  has  suggested  a  useful  application 
of  the  syphon,  to  obviate  a  strong  objection  to  the 
high  operation  for  stone,  as  explained  in  the  next 
medical  section. 

The  following  tacts  have  close  relation  to  those 
now  explained,  and  further  illustrate  atmos- 
pheric pressure  on  liquids. 

A  long  glass  of  jelly,  if  inverted  with  its 
mouth  just  under  warm  water,  will  be  found  soon 
to  have  lost  the  jelly,  but  to  be  full  of  water  in- 
stead. The  jelly  melted  by  the  heat  is  heavier 
than  water,  and  sinks  down,  wliile  it  is  replaced  by 
'  water  from  below,  sent  up  by  the  atmospheric 
pressure. 
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The  slaves  in  the  West-Indies  steal  mill  oci 
casionaUy,  by  inserting  the  long  small  neck  of  ft 
bottle  full  of  water  through  a  hole  in  the  top  of  the 
rum  cask.  The  water  falls  out  of  the  bottle  into 
the  cask,  and  the  lighter  rum  ascends  to  its  place. 
In  the  common  fountain  lamp,  the  provision  of 
oil  is  in  a  vessel  which  has  its  mouth  downwardsi 
but  the  mouth  being  immersed  in  a  little  oil 
below  it,  the  surface  of  which  is  nearly  on  :a  level 
with  the  flame,  no  oil  can  escape  from  above  but 
as  the  flame  consumes  this  free  oil,  and  then  niDrd 
descends  to  replace  it. 

The  common  water  ^ass  tof 
bird  cages  has  only  one  open- 
ing, near  the  bottom  at  6,  and 
yet  the  water  only  eseapes  by 
this  when  the  level  of  the  water 
at  c  in  the  open  part,  is  low 
enough  for  a  little  air  to  pasi) 
into  the  body  of  the  glass  by  the  channel  b.  An 
ink  glass  made  on  this  principle  preserves  the 
ink  well,  because  there  is  so  small  a  surface  ex- 
posed to  the  air ;  and  the  glass  may  be  of  large 
size  so  as  not  to  require  frequent  replenishing. 

It  is  the  direct  weight  or  downward  pressure  of 
the  atmosphere  on  liquid  surfaces  which  we 
have  hitherto  been  contemplating;  but  in  the 
following  instances  we  have  proof  of  the  same 
pressure  acting  upon  them  in  all  directions. 

If  a  bottle  or  cask  be  filled  with  water,  and 
closely  corked,  and  if  a  small  hole  be  then  drilled 
in  the  bottom  or  side,  the  water  will  not  escape 
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by  it,  owing  to  the  resisting  pressure  of  the/ 
atmosphere,  and  to  there  not  being  room  in  the;  ( 
opening  for  a  current  of  air  to  enter  while- 
the  current  of  water  escapes ;  but  if  a  hole  bei 
drilled  in  the  top  as  well  as  in  the  bottom,  a  jet 
from  the  lower  opening  will  follow  immediately,^ 
because  then  the  air  presses  on  the  upper  surface 
of  the  liquid  as  well  as  on  the  lower,  and  thef .  J 
weight  of  the  liquid  is  free  to  act. 

Thus  also  a  cask  of  beer  or  wine  cannot  be-  ' 
emptied  by  a  cock  near  the  bottom,  unless  what 
ia  called  a  vent-hole  may  be  made  at  the  top.     JM  | 
liie  dependent  opening,  however,  in  aity  case  bij 
very  large,    the  air  will  enter  on  one  side  of  it? 
while  the  liquid  escapes  at  the  other,  as  is  seen  in 
decanting  a  bottle  of  wine.     It  is   the  pressure  i 
of  the  air  that  makes  a  difference  between  tha 
manner  in  which  liquid  issues  from  an  inverted 
bottle  and  from  an  open  funnel. 

But  even  a  large  opening  at  the  bottom  of  tt  ; 
vessel  which  is  close  every  where  else,  may  be  prfti 
vented  by  the  pressure  of  the  air  from  discharging  I 
liquid,  if  the  mutual  passing  of  the  two  currents  | 
of  air  and  liquid  be  rendered  difficult.     A  win? 
glass  filled  with  water,  and  covered  by  a  loose  bit  ] 
of  paper  laid  upon  its  mouth,  may  be  inverted,  and 
if  the  paper  be  held  in  its  place  during  the  turn- 
ing, the  pressure  of  the  atmosphere  against  the  ' 
paper  will  then  keep  it  in  its  place,  and  will  supi-  J 
port  the  water  above  it     Any  tube  of  water,  if  I 
shorter  than  thirty-four  feet,  may  be  kept  closed  j 
at  the  bottom  in  the  same  way. 

The   animal   body  is    made    up   of   solids    and  J 
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fluids,  and  the  atmospheric  pressure  affects  it 
.  accordingly.  It  appears  paradoxical  at  first,  that 
I  a  man's  body  should  be  bearing  a  pressiu"e  of 
I  fifteen  pounds  on  every  square  inch  of  its  surfaccj 
I  and  yet  that  he  should  remain  altogether  insen- 
I  able  to  such  an  influence ;  but  it  is  the  fact,  and 
I  reflection  discovers  that  his  not  feeling  it  is  owing 
L  to  the  circumstance  of  the  fluid  pressure  being  uni- 
r  form  all  around ;  it  discovers  also  that  if  a  pressure 
I  of  the  same  kind  be  even  many  times  greater,  such, 
I  for  instance,  as  fishes  bear  in  deep  water,  or  as  a 
I  van  supports  in  the  diving  bell,  it  must  equally 
[  pass  unnoticed.  Fishes  are  at  their  ease  in  a 
I  depth  of  water  wliere  the  pressure  around  in- 
I  itantly  breaks  or  bursts  inwards  almost  the 
1  Btrongest  empty  vessel  that  can  be  sent  down ;  and 
I  men  walk  on  earth  without  discovering  a  heavy 
I  jitmosphere  about  them,  which  however  instantly 
I  crushes  together  the  sides  of  a  thick  steam  engine 
r  boiler,  wliich  has  been  accidentally  left  for  a  mo- 
I  ment  witliout  the  counteracting  internal  support 
I  ^rf  steam  or  air. 

I  ,  The  fluid  pressure  on  animal  bodies,  thus  un- 
perceived  under  ordinaiy  circumstances,  may  be 
rendered  instantly  sensible  by  a  little  artificial  ai- 
rangement  In  water,  an  open  tube  partially  im- 
mersed becomes  full  to  the  level  of  the  water 
around  it,  and  the  weight  of  the  water  con- 
tained in  it  is  supported  by  that  immediately 
below  its  mouth.  Now  a  flat  fish  resting  closely 
against  tlie  mouth  of  the  tube  would  evidently 
be  bearing  on  its  back  the  whole  of  this  weight — 
perhaps  one  hundred  pounds ;  but  the  fish  would 
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not   thereby  be   pushed  away,  nor  would  it  even 
feel  its  burden,  because  the  upward  pressure  (rf  1 
the  fluid  immediately  under  it  would  just  coun-", 
terbalance.     But  it",  while  the  tish  continued  in 
the  supposed  situation,  the  one  hundred  pounds 
of  water  were  lifted  from  otf  its  back  by  a  piston 
in  the  tube,  the  opposite  upward  pressure  of  one  \ 
hundred  pounds   would    at  once  crush  the  body  | 
of  tlie  tish  into  the  tube  and  destroy  it.     At  &  j 
less  depth,  or  with  a  smaller  tube,    the   etTect 
might  not  be  fatal,  but  there  would  be  a  bulg- 
ing   or   swelling    of    the    substance   of  the    fish  | 
into  the  mouth  of  the  tube.     In  air  and  in  the  [ 
human  body  a  perfectly  analogous  case  may  be  j 
exhibited:   a  man  without  pain  or  peculiar  sensa-  i 
lion,  lays  his  hand  closely  on  the  mouth  of  a  vessel  I 
containing  air,  but  the  instant  that  the  air  withlft  1 
the  vessel  is  withdrawn  by  the  pump,  the  now 
unresisted  pressure  of  that  on  the  outside  fixes  j 
the    hand  upon  the  vessel's  mouth,    causes   thfe 
flesh  to  swell   or   bulge   into  it,  and  makes  the  | 
blood  ooze  from  any  crack  or  puncture  in  the  skin,  f 

These  last  few  lines  almost  describe  the  sur- 
gical operation  of  cuppings  the  essential  circum-  | 
stances  of  which  are  the  application  of  a  cup  or  ] 
ghuis  having  a  smooth  blunt  lip,  to  the  skin  of  J 
the  part,  and  the  extraction  of  a  portion  of  the  [ 
air  contained  in  the  cup  by  a  syringe  or  other  I 
means,  so  that  the  flesh  may  swell  underneath,  j 
It  may  facilitate  to  some  minds  the  exact  com- 
[wehension  of  this  phenomenon,  to  consideip  I 
what  happens  when  a  small  bladder  or  bag  of  I 
India-rubber  full  of  any  fluid,  is  pressed  betweeft'  [ 
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ithe  hands  on  every  part  of  it's  surlace  except 
one — at  that  one  part  the  bag  swells,  and  even 
bursts  if  the  pressure  be  strong  enough.  So  in 
cupping,  the  whole  body  except  the  suriace  under 
the  cup  is  squeezed  with  a  force  of  fifteen  pounds 
to  the  square  inch,  while  in  that  one  situation  the 
pressure  is  diminished  according  to  the  degree  of 
exhaustion  in  the  cup,  and  the  blood  consequently 
accumulates  tliere.  This  part  of  the  operation  is 
called  the  dry  cupping :  to  complete  it,  the  cup 
is  removed  and  the  tumid  part  is  cut  into  by  the 
simultaneous  stroke  of  a  number  of  lancet  points, 
and  the  cup  being  again  used  as  before,  the 
blood  rushes  forth  under  the  diminished  pressure. 
The  partial  vacuum  in  the  cup  may  be  produced 
by  a  syringe,  or  by  previously  burning  a  little 
spirit  in  the  cup,  so  that  the  momentary  dilatation 
produced  by  the  heat  in  the  instant  before  the 
cup  is  applied,  may  dri\e  out  the  greater  part 
of  the  air.  The  human  mouth  appbed  upon  a 
part  becomes  a  small  cupping  machine,  and 
in  fomier  times  was  used  as  sucli  to  poisoned 
wounds.  One  wonders  that  the  present  perfect 
cupping  glasses,  of  stronger  and  more  pemianeat 
nation,  are  not  always  used,  as  they  might  be, 
)  remove  the  poison  after  the  bites  of  rabid  or 

f  venomous  animals. 

The  autiior  has  suggested  an   extension   and 

[■  Hiodification    of   the    operation  of  dry  cuppii^ 
he  believes   will    prove  a  very  important 
medy  in  the  hands  of  the  medical  practitioner ; 

"jit  is  intended  as  a  substitute  for^  bleeding  in  cases 
where  blood  can  ill  be  spared,  and  as  a  more  sud- 
den and  effectual  check  to  inflammatory  disease. 


ATMOSPHERIC    PRESSURE BAHOMETER. 


397 


in  certain  cases,  tlian  even  bleeding  itself.     It  la 
explained  in  tlie  next  medical  section  of  this  work. 

There  is  an  effect  of  the  atmospheric  pressure  ' 
on  the  living  body  which  is  rarely  thought  of, 
althougli  of  much  importance,  viz.  its  keeping  all 
the  parts  about  the  joints  firmly  together  by  an 
action  similar  to  that  on  the  Magdeburgh  he- 
mispheres.  The  broad  surfaces  of  bone  forming 
the  knee  joint  for  instance,  even  if  not  held 
together  by  ligaments,  could  not  be  separated  by 
a  force  of  less  than  about  a  hundred  pounds  while 
the  capsule  surrounding  the  joint  remained  air- 
tight. In  the  loose  joint  of  the  shoulder  this 
support  is  of  greater  consequence.  When  the 
shoulder  or  other  joint  is  dislocated,  there  is  no 
empty  space  left,  as  might  be  supposed,  but  the 
soft  parts  from  around  are  pressed  in  to  fill  up  the- 
natural  place  of  the  bone.  When  a  thigh  bone  ia' 
dislocated,  the  deep  socket  called  the  acetabulum 
instantly  becomes  like  a  cupping  glass,  and  is- 
filled  partly  with  fluid  and  partly  with  the  soft 
solids.  In  all  joints  it  is  the  atmospheric  pressure 
which  keeps  the  bones  in  such  steady  contact,  that 
they  work  smoothly  and  without  noise. 

The  barometer,  we  have  seen  at  page  3l6,  is  a" 
column  of  fluid  supported  in  a  tube  by  the  pres-' 
sure  of  the  atmosphere,  and  therefore  indicatmg- 
most  exactly  the  degree  of  that  pressure.  It  ia  . 
an  instrument  now  of  such  importance,  both  in 
a  scientific  point  of  view  and  in  the  business  of 
common  Ufe,  that  for  the  sake  of  minds  which 
conceive  such  subjects  with  difficulty  we  add  here 
the  following  further  illustrations  of  its  nature, 
Y  2 
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If  mercury  be  poured  into  a  bent  tube 
open  at  both  ends,  it  will  stand  at  the 
same  level  in  the  two  legs,  as  at  a  and  b^ 
and  the  air  will  be  pressing  on  the  two 
surfaces  at  a  and  b  with  equal  force.  If 
the  air  be  then  removed  from  one  leg  a» 
by  a  piston  or  otherwise,  while  it  con- 
tinues to  press  in  the  other  leg  b,  .the 
mercury  will  be  pushed  down  in  6,  until  the 
growing  height  of  the  column  in  a  be  as  much 
greater  than  of  that  in  b  as  just  to  counteract  the 
pressure  :  now  this  takes  place,  in  fact,  when  the 
mercury  in  a  stands  about  thirty  inches  higher 
than  in  L  If  the  top  of  the  tube  a  were  then 
closed  permanently,  the  mercury  would  for  ever 
remain  in  it,  marking  most  perfectly  the  atmo- 
spheric pressure.  Now  this  construction,  the 
empty  and  useless  part  of  the  tube  above  d  being 
cut  off,  forms  a  common  barometer.  The  exact 
altitude  of -the  mercury  in  it  is  known  by  ob- 
serving how  much  the  surface  near  c  is  higher  than 
that  near  d.  Occasionally,  in  this  kind  of  barometer, 
a  little  -float  is  placed  on  the  mercurial  surface  at 
rf,  and  by  a  thread  passing  from  it,  is  made  to  move 
an  index  like  the  hand  of  a  clock,  which  tells  the 
changes  of  elevation.  This  modification  is  called 
the  wheel  barometer. 

Again,  if  a  quantity  of  water  a  in 
the  bottom  of  a  closed  pump  barrel 
were  pressed  upon  by  the  piston  b  c, 
of  which  the  rod  d  were  hollow  or 
tubular,  the  water  would  rise  in  the 
rod  in  exact  proportion  to  the 
pressure  made  by  the  pi«toii.     Now 
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a  barometer  tube  is  as  this  liollow  piston  rod, 
into  which  the  mercury  or  water  rises,  while  the 
atmospheric  pressure  around  is  as  the  piston  forcing 
it  up.  To  make  a  barometer  of  this  kind  it  is 
only  necessary  to  procure  a  glass  tube,  close  at 
one  end  and  about  three  feet  long,  and  then  having 
filled  it  with  mercury,  to  plunge  its  mouth  (stop- 
ped by  the  finger  while  turning)  into  a  small  cup 
or  basin  of  mercury.  The  fluid  then  falls  away  a 
little  from  the  top  of  the  tube,  leaving  a  perfect 
vacuum  there,  and  stands  at  that  elevation  which 
the  atmospheric  pressure  is  fitted  to  maintain.  We  . 
know,  from  the  law  of  hydrostatics  already  ex- 
plained, that  it  is  of  no  importance  in  such  a 
case  what  the  shape,  or  inclination,  or  size  of  the 
tube  may  be,  as  only  the  perpendicular  height 
Can  measure  or  be  measured  by  the  pressure. 

Galileo  had  found  that  water  would  rise  under 
the  piston  of  a  pump  only  to  a  height  of  about 
thirty-four  feet;  and  his  pupil  Torricelli  con- 
ceived the  happy  thought,  that  the  weight  of  the 
atmosphere  might  be  the  cause  of  the  ascent^  1 
and  that  mercury  therefore,  which  is  about  thir-  ^ 
teen  times  heaner  than  water,  might  only  rise 
under  the  same  influence  to  a  thirteenth  of  the  ele- 
vation. Experiment  proved  that  this  was  so,  and 
the  mercurial  barometer  was  invented.  To  afford 
further  evidence,  this  was  afterwards  carried  to  the 
tops  of  buildings  and  of  mountains,  and  it  fell 
always  in  exact  proportion  to  the  part  of  the  at- 
mosphere left  below  it ; — and  water  pumps  were 
found  to  vary  in  their  power  according  to  the 
same  law. 
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It  was  soon  discovered,  by  careful  observation 
of  the  mercurial  barometer,  that  it  did  not  always 
stand  at  the  same  elevation ;  in  other  words^  that 
the  weight  of  atmosphere  over  any  particular  part 
of  the  earth  is  constantly  fluctuating :  a  truth 
which,  without  the  barometer,  could  never  have 
been  suspected.  This  discovery  led  to  important 
results.  It  was  remarked,  that  in  serene  dry 
weather  the  barometer  generally  stood  high,  and 
that  it  fell  before  and  during  storms  and  rain :  it 
might  therefore  serve  as  a  prophet  of  the  weather, 
and  become  the  precious  monitor  of  the  husband* 
man  or  the  saUor. 

The  reasons  why  the  barometer  falls  before  wind 
and  rain  will  be  better  understood  a  few  page9 
hence ;  but  we  may  remark  here,  that  when  water 
which  has  been  suspended  in  the  atmosphere, 
and  has  formed  a  part  of  it,  separates  and  begins 
to  fall  as  rain,  the  weight  of  the  mass  is  diminish- 
ed ;  and  that  wind  generally  occurs  when  a  sudden 
condensation  of  aeriform  matter,  in  some  particu- 
lar situation,  disturbs  the  equilibrium  of  the  air, 
and  causes  that  around  to  rush  towards  the  situa- 
tion of  diminished  pressure. 

To  the  husbandman  the  barometer  is  of  con- 
siderable use,  by  aiding  and  correcting  his  prog- 
nostication of  the  weather  drawn  from  local  signs 
familiar  to  him ;  but  its  great  use  as  a  weather- 
glass seems  to  be  to  the  mariner,  who  roams  over 
the  whole  ocean,  under  skies  and  climates  alto- 
gether new  to  him.  The  watchful  captain  of  the 
present  day,  trusting  to  this  extraordinary  moni- 
tor, is  often  enabled  to  take  in  sail  and  to  make 
ready  for  the  storm,  where,  in  former  times,  the 
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ilful  visitation  would  liave  fallen  upon  him  un- 
prepared  The    marine    barometer   has   not   yet 

been  in  general  use  for  many  years,  and  the  author 
was  one  of  a  numerous  crew  who  probably  owed 
their  preservation  to  its  ahnost  miraculous  warning. 
It  was  in  a  southern  latitude.  The  sun  had  just  set 
witfi  placid  appearance,  after  a  beautiful  afternoon, 
^nd  the  usual  mirth  of  the  evening  watch  was 
proceeding,  when  the  captain's  order  came  to  pre- 
pare with  all  haste  for  a  storni.  The  barometer 
had  begun  to  fall  with  appalling  rapidity.  As 
yet,  the  old  sailors  had  not  perceived  even  a 
thresteniug  in  the  sky,  and  they  were  surprised 
at  the  extent  and  hurry  of  the  preparations  ;  but 
the  required  measures  were  not  completed,  when 
a  more  awful  hurricane  burst  upon  them  than' 
the  most  experienced  had  ever  braved.  Notliing 
could  withstiind  it;  the  sails,  aheady  furled  and 
closely  bound  to  the  yards,  were  riven  away  in 
tatters ;  even  the  bare  yards  and  masts  were  in' 
great  part  disabled  j  and  at  one  time  the  whole 
rigging  had  nearly  tallen  by  the  board.  Such,  fort 
a  few  hours,  was  the  mingled  roar  of  the  hurri-i  i 
cane  above,  of  the  waves  around,  and  of  the  iiu 
cessant  peals  of  thunder,  ttiat  no  human  voice 
could  be  heard,  and,  amidst  the  general  conster-  j 
nation,  even  tlie  trumpet  sounded  in  vain,  Li  that 
awful  night,  but  ibr  the  little  tube  of  mercury' 
which  had  given  the  warning,  neither  the  extras 
ordinary  strengtli  of  the  noble  ship,  nor  the  skill- 
and  euergies  of  the  commander,  would  have  saved 
c^Q  man  to  tell  the  tale.  On  the  following  morn> 
i4)g  the   wind   was   again   at  rest,  but  the  ship 
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lay  upon  the  yet  heaving  waves,  an   unsi^tly 
wreck. 

Hie  marine  barometer  differs  from  the  common 
one,  in  having  the  tube  contracted  in  one  place  to 
a  very  narrow  bore,  so  as  to  prevent  the  sudden 
rising  and  falling  of  the  mercury,  which  every 
motion  of  the  ship  would  else  occasion. 

Civilized  Europe  is  now  familiar  with  the  ba- 
rometer and  its  uses,  and  therefore,  to  renew 
in  Europeans  the  first  feelings  connected  with  it, 
they  may  observe  the  astonishment  or  incredulity 
with  which  people  of  other  parts  still  regard  it 
A  Chinese  once  conversing  on  the  subject  with 
the  author,  could  only  imagine  of  the  barometer 
that  it  was  a  gift  of  miraculous  nature,  which  the 
God  of  Christians  gave  them  in  pity,  to  direct 
them  in  the  long  and  perilous  voyages  which-  they 
undertook  to  unknown  seas. 
.  The  state  of  the  atmosphere,  as  to  weight, 
differs  so  much  at  different  times  in  the  same 
situation  as  to  produce  a  range  of  about  three 
inches  in  the  height  of  the  barometer ;  that  is  to 
say,  from  twenty-eight  to  tliirty-one  inches.  On 
the  occasion  of  the  great  Lisbon  earthquake,  the 
mercury  fell  so  far  in  the  barometers,  even  in 
Britain,  as  not  to  be  visible  in  that  portion 
at  the  top  usually  left  uncovered  for  observation. 
This  part  is  commonly  of  five  or  six  inches  in 
length,  with  a  divided  scale  attached  to  it,  on 
which  the  figures  28,  29,  &c.  indicate  the  number 
of  inches  from  the  surface  of  the  mercury  at  the 
bottom  to  the  respective  divisions.  On  the  lower 
part  of  the  scale  the  words  wind  and  rain  are 
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generally  written,  meaning  tliat  when  the  mer- 
cury sinks  to  them,  wind  and  rain  are  to  be  ex- 
pected ;  and  on  the  upper  part  of  the  scale  drif 
•Ajxdijine  appear,  for  a  corresponding  reason:  but 
we  have  to  recollect  that  it  is  not  the  absolute 
height  of  the  mercury  which  indicates  the  existing 
or  coming  weather,  but  the  recent  change  in  its 
iieight.  A  falling  barometer  tells  of  wind  and 
rain ;  a  rising  one  of  serene  and  dry  weather. 

The  barometer  answers  another  important  pur- 
pose, besides  that  of  a  weather-glass — in  ena- 
bling us  to  ascertain  readily  the  height  of 
mountains,  or  of  any  situation  to  which  it  can 
be  carried. 

As  the  mercurial  column  in  the  barometer  is 
always  an  exact  indication  of"  the  weight  of  a 
column  of  the  air  above  it  of  equal  base  with 
itself,  and  reaching,  from  the  place  oi' the  ba- 
rometer to  the  top  of  the  atmosphere — as  ex- 
plained in  the  foregoing  paragraphs — the  mercury 
mast  fall  when  the  instrument  is  carried  from  any 
lower  to  any  higher  situation,  for  it  escapes  from 
the  pressure  of  that  portion  of  the  atmosphere 
then  letl  below  its  level ;  and  the  degree  of  fal- 
ling must  always  tell  exactly  how  nmch  air  has 
been  left  below.  If  thirty  inches  barometrical 
height  mark  the  whole  atmospheric  pressure  at 
tlie  surface  of  the  ocean,  and  if  the  instrument  be 
found  to  stand  at  only  twenty  inches  when  carried 
to  some  other  situation,  it  proves  that  one-third 
of  the  atmosphere  exists  below  the  level  of  the 
new  situation.     Now  if  the    atmospheric    ocean 
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were  of  as  uniibrm  d^isity  all  the  way  up  as  oiir 
watery  oceans,  a  certain  weight  of  air  thus  left 
behind  in  ascending  would  mark  every  where 
the  same  change  of  levels  and  the  ascertainiiig 
any  height  by  the  barometer  would  become  ooe 
of  the  most  simple  calculations.  As  the  air  at  the 
surface  of  the  earth  is  about  twelve  thousand  tim^s 
lighter  than  its  bulk  of  mercury,  an  inch  rise  or 
fall  of  the  barometer  would  mark  every  where  ^ 
rise  or  fall  in  the  atmosphere  of  twelve  thousand 
inches,  or  one  thousand  feet.  But  owing  to  the 
elastic  nature  of  air,  which  causes  its  volume  to 
increase  as  it  escapes  from  pressure,  the  atmo- 
sphere is  rarer  in  proportion  as  we  ascend,  and 
the  rule  of  one  inch  of  mercury  for  one  thou- 
sand feet  ascent  holds  only  for  rough  e^tiiiaates* 
near  the  surface  of  the  earth.  The  precise  <^-r 
cuiation,  however,  for  any  ca^e,  is  still  v$ry 
easy;  and  a  good  barometer,  with  a  thei^DOt 
meter  attached,  and  with  tables  or  an  algebriucal 
formula,  founded  on  observation  of  all  the  in- 
fluencing circumstances,  enables  us  to  ascertain 
elevations  much  more  easily,  and  in  many  case$ 
more  correctly,  than  by  trigonometrical  survey. 

The  weight  of  the  whole  atmospheric  ocean  sur- 
rounding the  earth  has  been  ascertained  to  be 
equal  to  that  of  an  additional  watery  ocean  of 
thirty-four  feet  deep,  or  of  a  covering  of  mercury 
of  thirty  inches ;  and  as  the  air  at  the  surface  of 
the  earth  is  eight  hundred  and  forty  times  lighter 
or  more  bulky  than  water,  if  the  same  density 
existed  all  the  way  up,  the  atmosphere  would  be 
thirty-fovr  times  eight  hundred  and  forty  ^  or  about 
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twenty-eight  thousand  feet  high,  which  is  equal  to 
five  miles  aud  a  half:  but  on  account  of  the  elas- 
ticity of  air,  aud  the  consequenlly  greater  rarity 
of  the  superior  regions  of  the  atmosphere,  it 
really  extends  to  a  height  of  nearly  fifty  miles.  It 
is  easy  to  prove,  d  prioi-i,  irom  the  laws  of  aerial 
elasticity,  what  is  found  to  hold  in  fact,  tiiat  one- 
half  of  all  the  air  constituting  our  atmosphere 
exists  within  three  miles  and  a  half  from  the  earth's 
surface  ;  that  is  to  say,  under  the  level  of  the  sum- 
mit of  Mont  Blanc.  A  person  unaccustomed  to 
calculation  might  suppose  the  air  more  equally 
distributed  through  the  fifty  miles  than  this 
fact  indicates,  as  the  same  person  might  suppose 
a  tube  ot"  two  feet  (Uanieter  to  hold  only  twice  as 
much  as  a  tube  of  one  foot,  although  in  reality 
it  holds  four  times  as  much. 

In  carrying  a  barometer  from  the  level  of  the 
Thames  to  the  top  of  St.  Paul's  Church  in  London, 
or  of  Hanipstead  Hill,  the  mercury  falls  about 
half  an  inch,  markhig  an  ascent  of  about  five- 
hundred  feet.  Oil  Mont  Blanc  it  falls  to  half  of  ' 
the  entire  barometric  height,  marking  an  ele- 
vation of  fifteen  thousand  feet ;  and  in  Du  Luc's 
famous  balloon  ascent  it  fell  to  below  twelve 
inches,  indicating  an  elevation  of  twenty -one  thou- 
sand feet,  the  greatest  to  which  man  ha^  ever  ' 
ascended  from  the  surface  of  bis  eartlUy  hablta* 
tion.  <    ' 

The  extreme  rarity  of  the  air  on  high  moun- 
tains must  of  course  atfect  animals.  A  person 
breathing  on  the  summit  of  Mont  Blanc,  altliough 
opening  his  chest  as  much  as  usual,  really  takes 
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in  at  each  ins])iratiun  only  half  as  mudlT 
does  below — a  contrast  to  the  man  in  the  cUving 
bell,    who,    at   thirty-four    feet    under    water    ia 
breathing  air  of  double  density ;    at  sixty-eight 
'  ftet  of  triple ;  and  so  on.     It  is  known  that  tra- 
vellers, and  even  their  practised  guides,  often  fall 
down  suddenly  as  if  struck  by  lightning  when  ap- 
'  proaching  lofty  summits,  on  account    chiefly  of 
the  thinness  of  the  air  which  they  are  breathing; 
'  and  some  minutes  elapse  before  they  recover.     It 
f  Appears,  therefore,  that  although  our  atmosphere 
:  be  fifty  miles  high,    it  is  so  thin  beyond  three 
miles  and  a  half;  that  mountain  ridges  of  greater 
elevation  than  this  are  nearly  as  effectual  barriers 
between  nations  of  men  as  are  islands  or  rocky 
I  ridges  in  the  sea,  between  the  finny  tribes  on  the 
[.  opposite  sides  of  them.    The  intense  cold  which 
\  (^pertains  to  high   situations,    and   which  forms 
[  another  obstacle   to  human   approach,  remains  to 
I  be  considered  in  our  next  division. 

A  barometer  connected  with  an  air-pump,  will 
I  feidicate  exactly  the  progress  and  degree  of  ex- 
haustion in  the  receivers.  When  the  mercury 
j  fells  to  half  it's  height,  it  shews  that  half  of 
I  the  air  is  extracted ;  and  so  in  -all  other  pro- 
[  portions.  Hence  a  barometer  is  a  necessary  ap- 
[  Jendage  to  a  complete  air-pump  ;  but  as  its  chief 
[  purpose  is  to  shew  when  the  exhaustion  is  carried 
r  to  the  required  degree,  a  very  short  one,  corres- 
I  ponding  to  the  bottom  of  a  common  barometer, 
'  is  all  that  is  generally  provided,  and  it  is  usually 
made  of  syphon  form. 

Professor  Leslie's  ingenious  new  method,  men- 
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tioned  at  page  266,  of  ascertaining  the  specific 
gravity  of  the  solid  material  forming  any  porous 
inass  or  powder,  includes  the  agency  of  a  barome- 
ter. It  proceeds  upon  this  reasoning.  The  inter- 
stices  of  a  porous  or  pulverized  mass  are  filled 
with  air  of  the  density  of  the  surrounding  atmo- 
sphere, and  if  the  atmospheric  pressure  on  which 
that  density  depends  be  diminished  upon  the  maaa 
in  a  known  degree,  an  exactly  corresponding  pro- 
portion of  the  air  will  issue  from  the  pores,  which, 
if  we  can  measure  it,  will  declare  the  whole  quan- 
tity, and  therefore  the  quantity  of  interstice  in 
the  aoUd  mass.  Now  if  the  substance  were  en- 
closed at  the  end  of  a  tube  or  syringe,  the  pressure 
of  the  atmosphere  might  be  taken  off  from  it  by 
a  piston,  and  the  air  would  issue  from  the  pores 
as  described,  and  would  follow  the  piston.  Mr. 
Leslie  conceived  the  happy  idea  of  sub- 
stituting for  this  solid  piston,  of  which 
it  would  be  difficult  to  measure  the  pre- 
cise action,  the  liquid  piston  of  a  mer- 
curial column,  of  which  the  force  is 
always  proportioned  to  the  length.  He 
,  takes  an  open  glass  tube,  a  e,  of  known 
dimensions,  and  prepares  a  part  of  its 
top,  a  b,  as  a  receptacle  ibr  tlie  substance 
under  trial,  by  affixing  a  partition  at  b, 
which  shall  support  the  substance,  but 
allow  passage  to  air.  Having  then  filled 
a  b  with  the  substance,  he  immerses  the 
tube  in  mercury  contained  in  the  wider 
tube  or  vessel  d  Jl  until  the  mercury 
stand   both    inside    and    outside    at   the 
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level  of  b.     It  is  evident  that,  on  then  closing  tli^ 
top  of  a  in  an  air-tight  manner,  and  lifting  the 
tube  tf,  a  column  of  mercury  will  be  lifted  in  it 
above  the  level  of  the  external  mercury  at  d^  and 
wiU  be  acting  as  a  piston  pulling  down  from  b  with 
force  proportioned  to  the  height  of  the  column. 
Now  if  the  tube  be  lifted  until  the  mercurial  cc^umn 
c(/ be  just  half  the  length  of  the  column  in  a' common 
barometer,  the  air  in  the  pores  of  the  substance 
will  be  relieved  from  half  the  atmospheric  pressure, 
and  will  dilate  to  double  bulk,  and  while  half  will 
remain  in  the  pores,  the  other  half  will  issue  forth 
and  will  occupy  the  space  b  c,  between  the  surface 
of  the   mercury   and   the   partition   at   b.     TWg 
space  b  r,  therefore,  will  be  exactly  equal  to  the 
amount  of  th^  interstices  ;  and  as  it  may  be  mea* 
sured  and  compared  with  the  whole  space  a  b,.  its 
ascertained  magnitude  will  solve  the  problem.  Mr. 
Leslie  has  found  in  this  way  that  charcoal,  which 
is  usually  said  to  be  only  half  as  heavy  as  its  bulk 
of  water,  is  formed  of  matter  really  seven  times 
heavier  than  this  supposition  ;  proving,  in  a  new 
way,  the-  identity  of  charcoal  and  diamond :  and 
he  has  found  light  pumice-stone  to  consist  of  mat- 
ter heavier  than  granite  or  marble.     His  very  in- 
genious  thought   may  lead  ultimately  to   many 
useful   results,  and  the  contrivance   merits  con- 
sideration here,  as  exhibiting   under  a  new  and 
interesting  aspect  the  rationale  of  the  barometric 
action  and  the  elasticity  of  air. 


FORMATION    OF    MR    OH    GAS. 


Almospheric  pressure  determining  the  liquid  or  aeri- 
^fbrm  state  of'  certain  substances.  (See  the  analy- 
sis,  page  ^285.) 

It  lias  already  been  stated  that  tlie  gases,  or 
substances  in  the  aeriform  state,  may  be  reduced  ' 
to  tlieir  liquid,  or  even  solid  form,  by  simple  pres- 
sure, and  by  allowing  at  the  same  time  the  heat, 
which  was  combined  with  them  in  the  aeriform 
state,  to  escape.  Common  air,  nitrogen,  carbonic 
acid,  the  common  coal  gas,  &c.  have  been  treated 
in  this  way.  Now  it  becomes  an  important  ques- 
tion whether  many  of  those  substances  which  we 
at  present  see  as  liquids  on  the  face  of  the  earth, 
where  they  are  bearing  tlie  pressure  of  the  atmos- 
phere, might  not  appear  as  airs  if  that  pressure  did 
not  exist,  or  were  removed. 

On  iuveatigating  this  subject  by  experiment 
we  accordingly  find,  that  etlier,  alcohol  or  ardent 
spirit,  volatile  oils,  &;c.,  and  even  water  itselli  are 
only  known  to  us  here  as  Hquids,  because  theii* 
particles  aie  kept  together  by  the  weight  and 
pressure  of  a  superincumbent  atmosphere.  Any  of 
these  substances,  relieved  by  art  from  such  pres- 
sure, immediately  becomes  an  air  or  gas,  just  as 
a  common  gas,  kept  in  the  stiite  of  liquid  by 
the  pressure  of  a  great  depth  of  water,  or  any 
other,  would  become  air  again  on  being  relieved.   , 

In  our  first  cliapter  we  explained  the  depen- 
dance  of  the  three  forms  which  any  body  may 
assume,  of  solid,  liquid,  or  air,  on  the  quantity 
of  heat  diffused  among  the  particles.  We  now 
see  however  that,  to  understand  the  matter  com- 
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pletely,  we  must  also  considdr  the  effect  of  acci- 
dental pressure :  for,  while  heat  is  the  power 
separating  the  atoms  in  the  changes  mentioned,  it 
has  to  overcome  both  the  mutual  attraction  of  the 
atoms  and  the  force  of  the  atmosphere  pressing 
them  together.  We  shall  understand  the  combined 
influence  of  these  forces,  when  we  have  examined 
carefully  the  two  phenomena  called  boiling  and 
evaporation^  which  exhibit  the  progress  of  the 
change  of  a  liquid  into  an  aeriform  fluid. 

If  water  be  placed  in  a  suitable  vessel  over  a 
common  fire,  or  over  the  flame  of  a  lamp,  it  is 
gradually  heated  to  a  certain  degree,  and  then 
small  bubbles  of  aeriform  matter  (which  in  water 
is  called  steam)  are  seen  forming  at  the  bottom  of 
the  vessel,  and  successively  rising  to  the  surface, 
where  they  disappear  by  mixing  with  the  atmo- 
sphere ;  and  the  operation  being  continued,  the 
quantity  of  water  diminishes  with  every  bubble, 
and  soon  all  vanishes  under  the  new  foim  of  air. 

This  change  takes  place  in  water,  under  com- 
mon circumstances,  at  the  exact  degree  of  heat 
marked  212°  in  Fahrenheit's  thermometer: — 
in  other  substances  it  takes  place  at  other  fixed 
temperatures.— The  relation  of  water  to  heat, 
therefore,  is^uch,  that  at  212°  of  that  thermometer, 
the  repulsive  power  is  just  sufficient  to  over- 
come both  the  natural  attraction  of  its  particles, 
and  the  compressing  force  of  the  atmosphere  of 
fifteen  pounds  on  the  inch.  A  less  degree  of 
heat  is  sufficient  to  make  water  boil,  if  the  pressure 
of  the  atmosphere  be  lessened  or  removed ;  and  a 
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greater  is  required  If  pressure  be  increased.  This, 
is  seen  in  the  following  facts. 

Water  boils  on  the  top  of  Mont  Blanc  at  180°, 
because  relieved  from  the  pressure  of  the  air  be- 
lowthelevelofthat  mountain'ssumiiiit;  and  at  all 
intermediate  heights  in  descending  to  the  level 
of  the  sea,  or  in  mines  below  that  level,  where, 
of  course,  the  atmospheric  pressure  is  greater 
than  above,  there  is  a  corresponding  increase  of 
the  boiling  temperature.  So  exactly  is  this  the 
case,  that  it  is  now  found  to  be  a  good  method  of 
ascertaining  the  heights  of  places,  merely  to  ob- 
serve the  heat  of  boUing  water  at  them. — The 
water  near  the  bottom  of  a  boiler,  for  a  like 
reason,  is  the  hottest,  for  the  pressure  being 
proportioned  to  the  depth,  water  would  remain 
tranquil  at  the  bottom  which  would  give  out 
steam  a  little  higher  up.  In  very  large  and 
deep  boilers,  tlierefore,  such  as  are  used  in  great 
porter  breweries,  the  liquor  is  much  more  heated 
than  it  can  be  in  smaller  vessels ;  and  this  cir- 
cumstance may  have  an  influence  on  its  ultimate 
quality. 

While  water  under  common  atmospheric  pres- 
sure, or  when  the  barometer  stands  at  thirty 
inches,  boils  at  SIS",  other  substances,  with  other 
relations  to  heat,  have  their  btiiUng  points  higher 
or  lower  :  ether,  for  instance,  boils  at  98°  ;  spirit 
or  alcohol  at  174'° ;  tish-oil  and  tallow  at  about 
600";  mercury  at  650°. 

It  is  in  consequence  of  the  different  tempera-, 
tures  at  which  the  particles  of  different  sulistances 
acquire  repulsion  enough  to  rise  against  the  at- 
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mos^heric  resistance,  that  the  chemist  is  enabled 
to  perform  the  operation  of  distilling.  If  a  mix- 
ture of  spirits  and  water,  for  instance,  be  heiated 
uj)  to  180%  the  spirit  will  pass  off  in  the  aeriform 
state,  leaving  the  water  behind,  and  may  then  be 
caught  and  condensed  in  a  fit  receiver.  Distillar. 
tion  is  the  best  means  we  possess  of  separating 
many  subistances  from  each  other :  as  spirit  from 
wine — various  acids  from  water — ^water  itself  frodi 
its  impurities-r-mercury  from  gold,  which  it  has 
served  to  dissolve  from  among  the  rubbish  of  the 
mine  or  of  the  river  bottom. 

We  must  recall  to  mind  here  what  was  men- 
tioned in  a  former  part  of  the  work,  that  a  large 
quantity  of  heat  combines  with  every  substance 
diuing  its  change  of  form  from  solid  to  liquid^  or 
from  liquid  to  air ;  which  quantity,  from  not  re^ 
maining  sensible  to  the  thermometer,  has  received' 
the  name  of  latent  or  concealed  heat.  The  same  is 
given  out  again  in  the  contrary  change.  In  the  con- 
version of  water  into  steam,  the  heat  which  thuar 
disappears  is  about  1000°,  or  six  times  as  much 
as  is  required  to  raise  the  cold  water  to  the 
boiling  point;  this  is  proved  by  the  time  and 
fuel  expended,  and  by  the  fact  that  a  pint  of 
water  in  the  form  of  steam  will  combine  instantly 
with  six  pints  of  cold  water,  and  will  raise  the 
whole  to  boiling  heat. 

If  a  little  heat  be  abstracted  from  steam,  a  part 
of  the  steam  proportioned  to  the  abstraction  will 
be  immediately  condensed  into  water.  What  is 
called  steam  in  common  language — as  the  vapour 
issuing  from  a  tea-urn  or  boiling  kettle — is  not  truly 
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Steam,  but  small  globules  of  water  mixed  with  air.' 
Steam  is  as  dry  and  invisible  as  pure  air;  but  the 
instant  that  it  comes  in  contact  with  air  colder! 
than  212°  it  becomes  water,  and  the  exceedingly 
small  particles  being  then  uniibi-mly  scattered,  it* 
exhibits  the  appearance  so  famihar  to  us. 

But  for  the  fact  of  latent  heat,  the  conversion 
of  a  liquid  into  air  would  not  be  the  gradual  pro-' 
cess  of  boiling  which  we  see,  but  a  sudden  and 
terrible  explosion ;  for  when  any  quantity  of' 
water  had  been  raised  to  the  boiling  heat,  one  de-' 
gree  more  wbuld  be  sufficient  to  convert  the  whole' 
into  steam:  and  but  for  the  same  reason,  the  thaw-' 
ing  of  winter  snow  would  be  a  sudden  and  frightful- 
inimdation.  On  the  other  hand,  if  water  had  not- 
to  give  out  its  latent  heat  in  freezing,  after  a 
quantity  of  it  were  once  cooled  down  to  the 
freezing  point,  the  abstraction  of  one  degree  of 
heat  more  would  convert  the  whole  into  a  solid 
mass.  Thus,  then,  effecting  most  important  pur- 
poses in  nature  and  art,  all  changes  from  solid  to 
hquid  and  from  liquid  to  air,  and  the  converse 
changes  from  air  to  liquid  and  from  liquid  to  solld^ 
are  very  gradual. 

This  fact  of  latent  heat,  obvious  as  it  appears 
when  now  stated,  has  been  known  but  of  late. 
The  discovery  of  it  led  to  those  improvements  of 
the  steam  engine,  which  have  since  hadsuch  an 
effect  upon  the  destinies  of  the  British  empire. 
Dr.  Black  of  Edinburgh,  and  James  Watt  of  Glas- 
gow, are  the  two  names  honoured  by  connexioniJ 
with  it  and  its  consequences. 

By  means  of  the  exhausting  air-pump  on  one 
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side,  and  of  the  condensing  syringe  on  the  other, 
all  the  above  facts,  depending  on  the  atmospheric 
pressure,  and  its  increase  or  diminution,  may  be 
strikingly  shewn.  Thus  water  not  heated  by 
several  degrees  to  the  boiling  point  of  ordinary 
low  situations,  but  which  would  be  boiling  at  the 
top  of  Mont  Blanc,  is  made  to  boil  immediately 
under  the  receiver  of  an  air-pump  by  a  few  strokes 
of  the  piston,  which  reduce  the  density  of  the 
contained  air  ;  and  if  the  exhaustion  be  rendered 
complete,  the  water  will  boil  even  when  less  warm 
than  the  blood  of  animals  by  20° :  end  at  any 
temperature,  however  low,  water  in  a  vacuum 
assumes  rapidly  the  form  of  air,  in  that  case,  how- 
ever, without  exhibiting  the  violent  agitation  of 
boiling.  Other  liquids,  as  spirits,  ether,  &c.  re- 
quiring less  quantities  of  heat  to  separate  their 
atoms  to  aeriform  distances,  boil  under  the  re- 
ceiver of  an  air-pump  at  very  low  temperatures. 
Ether  boils  when  as  cold  as  freezing  water. 

On  the  other  hand,  if  we  confine  the  atoms  of 
liquids  still  more  than  by  a  common  atmospheric 
or  equivalent  pressure,  degrees  of  heat  above  the 
common  boiling  point  will  be  required  to  separate 
them.  In  a  diving  bell  at  sixty-eight  feet  under 
the  surface,  the  boiling  point  of  water  is  272° 
instead  of  212°,  and  at  all  other  depths  it  is 
higher  than  212°  just  in  proportion  to  the  depth. 
At  the  surface  of  the  earth,  if  we  heat  water  in 
a  close  vessel  into  which  we  have  forced  air  to 
press  thirty  pounds  on  the  inch  instead  of  fifteen 
pounds,  as  the  atmosphere  does,  or  from  which 
we  prevent  the  steam  from  escaping  until  it  has 
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acquired  the  force  of  a  double  atmosphere,  we 
shall  have  to  raise  the  heat  in  a  corresponding  | 
proportion  beyond  219°  before  the  liquid  boils.' J 
Under  a  very  strong  pressure,  water  may  be  ren--  \ 
dered  ahnost  red  hot,  but  the  force  with  which 
the  atoms  are  then  tending  to  separate  is  tliat  of  J 
inflamed  gunpowder.  Even  then  if  only  a  gra-  I 
dual  issue  were  allowed,  a  certain  quantity  of  A 
the  water  would  absorb  and  render  latent  the  J 
excess  of  heat  above  912°  and  would  become  ' 
common  steam,  leaving  a  considerable  portioa  i 
as  boiling  water  of  the  ordinary  temperature, 

The  fact  that  liquids  are  driven  off,  or  made  totj 
boil  by  less  degrees  of  heat  when  the  atmosphe*  ( 
ric  pressure  is  lessened  or   removed,  has  been  ' 
recently  applied  to  some  very  useful  purposes. 
The  process   for   refining   sugar  is  to  dissolve 
impure  sugar  in  water,  and   after    clarifying   it, 
to  boil  off  or  evaporate  the  water  again,  that  the  , 
dry  crystallized  mass  may  remain.    Formerly,  thi*  ' 
evaporation  was  performed  under  tiie  atmospheric 
pressure,  and  a  heat  of  918°  or  220°  was  required^ 
to  make  the  syrup  boil,  and  by  this  degree  of  heat 
a  portion  of  the  sugar  was  discoloured  and  spoiled, 
and   the  whole   product  was    deteriorated.     The 
thought  occurred  to  Mr.  Howard,  that  the  water, 
might  be  dissipated  as  effectually  by  boiling  the 
synip  in  vacuo,    and  therefore  at    a  low  tempe^ 
rature.     This  was    done   accordingly ;     and  the 
saving  of  sugar  and  the  improvement  of  tjuahty 
have  been  such  as  to  make  a  share  of  tlie  patent, 
which  secured  the  emoluments  of  the  process  to 
certain  parties,    worth  many  thousand 
z  3 
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year.  The  syrup,  in  this  process,  is  not  more 
heated  than  it  would  be  in  a  vessel  simply  exposed 
to  a  summer  sun. 

In  the  preparation  of  many  medicinal  substances, 
also,  the  process  of  boiling  in  vacuo  is  equally  im- 
portant. Many  watery  extracts  from  vegetables 
have  their  virtues  impaired  or  lost  by  a  heat  of 
21 2** ;  but  when  the  water  is  driven  oflF  in  vaeuo 
the  temperatiu'e  need  never  be  higher  than  blood 
heat,  and  all  the  activity  of  the  fresh  plant  re- 
mains in  the  extract. 

In  the  same  manner  in  the  process  of  distilling^ 
which  is  merely  the  receiving  and  condensing 
again  in  appropriate  vessels  the  aeriform  matter 
raised  by  heat  from  any  mass,  substances  which 
are  changed  and  injured  by  an  elevated  tempera- 
ture, may  be  obtained  of  admirable  quality  by 
distillation  in  a  vacuum.  The  essential  oils  of 
lavender,  peppermint,  &c.  never  had  the  natural 
flavour  and  virtues  of  the  plants  until  this  plan 
was  adopted  within  the  last  few  years. 

The  influence  on  the  human  system,  of  vege- 
table medicines  thus  obtained,  is  so  different  from 
that  of  the  old  preparations,  that  the  practitioner 
requires  to  advert  to  it  carefully  in  writing  his 
prescriptions. 

The  apparatus  for  evaporating  and  distilling  in 
vacuo  consists  of  vessels  strong  enough,  when  quite 
empty,  to  bear  the  atmospheric  pressure,  and 
therefore  generally  arched  outwards ;  and  the 
vacuum  is  made  and  maintained  by  air-pumps 
driven  by  a  steam-engine  or  otherwise,  or  by  ex- 
pelling the  air  by  the  direct  admission  of  steam, 
and  then  condensing  the  steam. 
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The  author  proposes  a  very  simple  contriv- 
ance to  answer  the  purpose  of  such  air-pumps 
and  steam-engines  or  apparatus,  and  which  in 
many  instances  therefore  might  be  preferable.  It 
is  merely  to  estabhsh  a  communication  between 
a  close  boiler,  as  a,  and  the  vacuum 
at  the  top  of  a  water  barometer,  as  b. 
The  strong  vessel  b  forming  the  top 
of  the  barometer,  and  thirty-six  feet 
of  tube  below,  reaching  to  d,  are  first 
filled  with  water  through  a  cock  c  at 
the  top;  this  cock  being  then  shut, 
and  the  cock  d  at  the  bottom  being 
opened,  the  water  will  sink  down  out 
of  the  vessel  h  until  the  column  in  the 
tube  be  only  thirty-four  feet  high,  as 
at,;^  that  being  the  height  which  the 
atmosphere  will  support.  On  then 
opening  a  communication  between 
the  boiler  a  and  the  vacuum  in  b  the  operation 
goes  on  as  desired,  and  the  steam  rising  from 
a  may  be  constantly  condensed  in  6  by  a  little 
stream  of  cold  water  allowed  to  run  through 
it  from  above.  This  water,  it  is  evident,  would 
always  pass  downwards  to  the  column  below, 
without  filling  up  or  impairing  the  vacuum.  If 
air  should  find  admittance  in  any  way,  the  per- 
fect vacuum  can  easily  be  reproduced  as  at  first. 
The  author  planned  this  aiTangement  as  a  simple 
apparatus  for  tlie  preparation  of  medicinal  ex- 
tracts ;  and  it  appears  particularly  well-suited  for 
the  manufacturing  of  sugar  in  the  colonies,  where 
air-pumps  and  nicer  machinery  can  with  difficulty 
be  either  obtained  or  managed.  On  many  sugar 
7.   4- 
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estates  there  is  a  fall  of  water,  which  would  sup- 
ply the  barometer  without  the  trouble  of  pumping. 
The  tube  d  c  need  not  be  perpendicular,  provided 
it  be  longer  in  proportion  to  its  obliquity,  and 
it  may  be  very  small ;  some  yards  of  common  lead 
pipe  would  answer. 

Understanding  now  that  water  and  many  other 
liquids  would  be  existing  in  the  form  of  air  at 
common  temperatures  were  it  not  for  some  pres- 
sure opposing  the  separation  of  the  particles,  it 
becomes  of  great  importance  in  many  of  our  arts, 
and  for  compi^ehending  certain  phenomena  of 
nature,  to  ascertain  very  exactly  the  degree  of 
expansive  force  which  belongs  to  different  degrees 
of  temperature.  This  has  been  done  with  great 
care,  as  to  water  particularly,'and  the  following  table 
shews  part  of  the  results.  The  left>hand  column 
marks  temperatures  of  the  water  from  thirty-two 
degrees  of  Fahrenheit's  thermometer,  or  the 
freezing  point,  to  290°  ;  and  the  right-hand  column 
marks  the  corresponding  degrees  of  force  in  the 
vapour,  from  one  ounce  and  a  half  per  square 
inch,  which  is  the  force  of  steam  rising  from  freez- 
ing water,  to  sixty  pounds  per  inch,  which  is  the 
force  of  stream  rising  from  water  heated  to  290°. 
At  32°  force  of  steam  is  1^  oz.  per  inch. 
50    2|oz. 

100     13    oz. 

150    4    lbs. 

180    7^1bs. 

212    15    lbs. 

250    30    lbs. 

272    45    lbs. 

290    60    lbs. 
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Tn  this  table  we  have  to  remark  how  much  more 
rapidly  the  force  of  the  steam  increases  than  the 
degress  of  temperature  j  for  a  rise  of  eighteen  de- 
grees, viz.  from  32°  to  50",  at  the  beginning  of  the 
scale,  only  increases  the  force  one  ounce  and  a 
quarter  on  the  inch,  while  an  equal  rise  at  the 
top  of  the  scale,  viz.  from  97^°  to  990°,  increases 
it  fifteen  pounds.  Tliis  circumstance,  imperfectly 
understood,  has  led  to  many  vain  schemes  for  im- 
proving the  steam  engine.  The  truth  is,  that  the 
density  of  steam  is  greater  always  exactly  as  its 
force  is  greater,  and  the  heat  absorbed  in  its 
formation  is  proportioned  to  the  density ;  hence 
the  force  and  the  cost  in  caloric  or  fuel  have  always 
the  same  relation  to  each  other,  at  whatever  density 
the  steam  is  put  to  use.  In  one  pint  of  steam  at 
990",  having  an  elastic  force  of  sixty  pounds  on 
the  inch,  there  is  just  four  times  as  much  water 
and  four  times  as  much  latent  heat  as  in  one  pint 
of  steam  at  919°,  which  has  a  force  of  fifteen 
pounds  on  the  inch.  It  does  not  accord  with  the 
plan  of  this  work  to  enter  into  the  minute  detail 
of  this  subject,  but  they  may  be  found  in  Dr. 
lire's  excellent  Dictionary  of  Chemistry,  under 
the  tide  Caloric. 

Seeing  the  rapid  increase  of  the  expansive  force 
in  the  above  table,  we  have  the  explanation  of 
the  terrible  effects  occasionally  produced  by  con- 
fined water  overheated.  A  boiler  of  any  kind,  if 
completetely  closed  and  having  no  safety  valve, 
will  explode  as  if  charged  with  gunpowder.  Un- 
happily the  instances  are  too  numerous  where 
the  incautious  or  ignorant  use  of  steam  has  pro- 
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duced  explosions,  which  have  scattered  binldings 
and  destroyed  whole  neighbourhoods. 

To  this  part  of  our  subject  belongs  the  con- 
sideration of  that  mighty  engine,  which  cannot 
now  be  mentioned  without  a  feeling  of  admiraiioii 
and  gratitude,  viz. 

The  Steam  Engine^ 

which  since  it  sprung  to  its  present  state  of  per- 
fection, through  the  genius  of  Watt,  has,  in 
a  few  years,  changed  the  direction  of  human 
industry,  and  elevated  man  in  the  scale  -  of  ex- 
istence. It  may  be  said  to  have  already  much 
altered  and  improved  the  face  of  the  world,  and 
still  we  are  every  day  witnessing  new  applications 
of  its  utility. 

The  name  of  steam  enginej  to  most  persoofl* 
brings  the  idea  of  a  machine  of  the  most  compli- 
cated nature,  and  hence  intelligible  only  to  those 
who  devote  much  time  to  the  study  of  it ;  but 
this  is  an  error,  for  he  who  can  understand  a 
common  pump  may  understand  a  steam  engine: 
it  is  in  fact  only  a  pump  in  which  the  fluid  becomes 
the  power  instead  of  the  resistance.  It  may  be 
a  described  simply  as  a  strong  barrel  or 
cylinder  c  cf,  with  a  closely  fitting  pis- 
ton bm  it ;  which  piston  is  driven  up 
'  and  down  by  steam  admitted  alter- 
nately above  and  below  it  from  a  suit- 
able boiler  ;  and  the  end  of  the  piston 
rod  a,  at  which  the  whole  force  may 
^  be  said  to  be  concentrated,  is  connected 
in  any  convenient  way  with  the  work  that  is  to 
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be  performed.  The  power  of  the  engine  ia  of 
course  proportioned  to  the  size  or  area  of  the 
piston,  on  which  the  steam  acts  with  a  force  of 
fifteen,  twenty,  fifty,  or  one  Imndred  pounds  to 
each  square  inch,  according  to  its  density.  In 
some  of  the  Cornish  mines  there  are  cylinders 
and  pistons  of  more  than  ninety  inches  in  dia- 
meter, on  which  the  pressure  of  the  steam  equals 
the  eflfbrt  of  six  hundred  horses. 

Sometimes  the  piston-rod  of  a  steam  engine  is 
made  to  act  upon  one  end  of  a  great  beam,  while 
to  tiie  other  end,  immense  water-pumps  are 
connected,  whose  motion  causes  ahnost  a  river 
to  gush  up  from  the  bowels  of  the  earth.  At 
other  times  acting  on  a  crank,  it  is  made  to 
turn  complicated  machinery ;  and  one  steam  en- 
gine, stretcliiug  long  arms  over  a  great  barrack  or 
manufactory,  keeps  thousands  of  spinning-wheels 
in  constant  motion  in  one  quarter,  while  it  is 
carding  the  material  in  another,  and  weaving 
the  cloth  in  a  third.  In  like  manner,  one  steam 
engine  in  a  great  metropolitan  brewery  is  seen 
at  the  same  time  grinding  the  malt  in  one  place, 
and  pulling  up  suppUes  of  all  kinds  from  waggons 
in  the  street  in  another,  it  is  pumping  cold  water 
into  some  of"  the  coppers,  and  sending  the  boiling 
wort  from  others  up  to  lofly  cooling-pans,  over 
which  it  is  turning  the  fans ;  it  may  also  be  worku 
ingthe  mash-tub,  drawingwater  from  the  deep  wells 
under-ground,  loading  the  drays — in  a  word,  per- 
forming the  offices  of  a  hundred  hands.  In  some 
manufactories  this  resistless  power  is  seen  with  its 
mechanic  claws  seizing  masses  of  the  tough  iron. 
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and  in  a  few  minutes  delivering  them  out  again 
pressed  into  thin  sheets,  or  cut  into  bars  and 
ribands,  or  moulded  to  any  form,  bs  if  the  iron 
had  become  as  soft  clay  in  the  hands  of  the 
potter.  One  steam  engine  four  miles  from  Lon- 
don is  at  the  same  instant  filling  all  the  house 
reservoirs  and  baths  and  fountains  of  the  finest 
quarter  of  the  town.  Now  for  some  years  this  won- 
derful  piston-rod,  working  at  its  crank,  has  been 
turning  the  paddle-wheels  of  innumerable  steam 
boats  in  all  parts  of  the  world ;  and,  by  setting 
at  defiance  the  violence  of  the  winds  and  waves, 
and  the  currents  of  the  fleetest  rivers,  it  is  car- 
rying men  and  civilization  into  the  most  remote 
recesses  of  all  the  great  continents.  To  wherev^ 
a  river  leads,  the  region,  although  concealed  per^ 
haps  since  the  beginning  of  the  world,  is  now 
called  from  its  solitude  to  form  a  part  of  the 
great  garden  which  civilized  man  is  beautifying. 
-r-Such,  and  many  more,  are  the  prodigies  which 
the  steam  engine  is  performing ! 

In  the  following  enumeration  of  the  parts  of 
the  steam  engine,  a  minute  description  is  not 
at  all  intended,  but  merely  such  as  will  explain  the 
philosophy  or  general  nature  of  the  machine, 
and  as  should  serve  to  render  interesting  a  visit 
to  any  pjace,  where  a  steam  engine  is  in  opera- 
tion. 

The  part  which  first  claims  attention  is  the 
great  barrel^  c  c?,  with  its  piston  p,  which  is  moved 
up  and  down  by  the  action  of  steam  entering  al- 
ternately above  and  below  it.  The  barrel  or  cy- 
linder is  bored  with  mathematical  accuracy,  and 
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the  piston  is  padded  round  the  edge  with  hemp  or 
other  soft  material,  so  as  to  make  it  perfec^tly  air 
or  steam-tight.  Lately  pistons  have  been  made 
altogether  of  metal,  and  in  some  cases  these 
answer  even  better  than  the  others,  because  they 
have  less  friction.  The  next  part  to  be  examined 
is  the  boiler  b,  which  is  made  of  suitable  size  and 
strength.  The  steam  passes  from  it  along  the  pipe  b 
e,  and  by  a  cock  or  valves  (which  may  be  various- 
ly made  and  placed)  at  e,  it  is  directed  alternately 
to  the  upper  and  under  part  of  the  barrel ;  and 
while  it  is  entering  to  press  on  one  side  of  the  pis- 
ton, it  is  allowed  to  escape  from  the  other,  either 
to  the  atmosphere  for  high  pressure  engines,  or 
into  the  condenser  at  c  for  those  of  low  pressure, 
I%e  supply  of  steam  from  the  boiler  to  the  cylin- 
der is  regulated  by  a  valve  placed  somewhere  in  the 
pipe  B  e,  and  made  obedient  to  what  is  called  the 
gwemor^ — a  contrivance  already  described  at 
page  66,  to  illustrate  centrifugal  force.    It  con- 
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sists  of  two  hanging  balls  made  to  revolve  by  at- 
tachment to  some  turning  part  of  the  machinery, 
which,  when  they  turn  at  all  faster  than  the 
assigned  rate,  shewing  that  the  engine  is  going 
too  fast,  fly  apart  and  affect  the  steam  valve  so  as 
to  narrow  the  passage ;  and  on  the  contrary,  when 
they  turn  slower  than  at  their  proper  rate,  they 
collapse,  and  by  so  doing  open  the  valve  wider. 
The  supply  of  water  to  the  boiler  is  regulated  by 
a  float  on  the  surface  of  the  water  contained  in  it, 
which,  when  it  descends  too  low  by  reason  of  the 
consumption  of  water,  opens  a  valve  to  admit 
more.  There  is  a  scfety  valve  in  the  boiler,  which 
is  loaded  so  as  to  open  before  danger  can  arise 
from  the  overheating  of  the  water.  The  rapidity 
of  the  combtistion^  or  force  of  the  fire,  is  exactly 
regulated  by  the  state  of  the  boiler  and  wants  of 
the  machine  :  for  there  is  a  large  open  tube  rising 
from  near  the  bottom  of  the  boiler  through  its 
top,  to  a  height  of  several  feet  above  it,  and  when 
the  water  is  too  hot,  and  the  steam  therefore  too 
strong,  water  is  pressed  up  into  the  tube,  and  by  a 
float  there,  regulates  the  chimney  valve  or  damper; 
on  shutting  it  when  there  is  too  much  heat,  the 
draught  is  diminished  and  the  fuel  is  saved,  until  a 
brisker  fire  is  again  wanted.  In  this  figure,  at  g 
marks  the  place  of  the  great  beam  turning  on  an 
axis  at  i,  through  which  the  force  of  the  piston 
is  usually  conveyed  to  the  machinery  to  be  moved. 
When  the  object  is  to  raise  water,  the  pump  rods  are 
connected  with  the  end  g ;  when  any  rotatory  mo- 
tion is  wanted,  the  end  g  is  made  to  turn  a  crank 
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In  hy  the  rod  g  h,  and  uniformity  of  motion  is 
obtained  by  the  influence  of  the  great  fly-wheel 
m  fixed  to  the  axis  of  the  crank. 

The  simplest  steam  engine  and  the  clieapest  irf 
that  called  the  high  pressure  engine.  In  it  steam- 
of  great  force  is  used,  as  of  40  or  50lbs.  or  more  ' 
to  the  inch  j  and  while  the  fresh  steam  is  pressings  ' 
on  one  side  of  the  piston,  the  steam  which  haff  ' 
worked  is  allowed  to  escape,  or  rather  is  driven 
out  to  tlie  air  from  the  other :  the  atmospheric 
resistance  to  the  issue  of  the  steam  diminishes  the 
working  force  of  the  piston  just  15lbs.  per  inch. 
The  simplicity  of  this  form  of  engine  recommends 
it;  but  the  danger  of  having  a  large  boiler  of 
overheated  water,  Hke  inflamed  gunpowder,  seek- 
ing to  escape,  has  been  proved  so  great,  by  num^^ 
berless  terrible  accidents,  that  it  is  now  only  used 
in  a  few  situations  ;  and  notwithstanding  all  the 
ingenious  seciirites  recently  contrived  against  thd 
danger,  it  is  not  now  employed  in  England  in  a 
single  passage-vessel. 

In  the  low  pressure  engine,  steam  is  never  used 
of  force  exceeding  20lbs.  on  the  inch,  which  being 
5  lbs.  only  more  than  the  atmospheric  pressure, 
is  insufficient  to  burst  a  boiler  or  to  do  mischiv.'j 
but  as  the  interior  of  the  low  pressure  engine  is 
kept  in  a  state  of  vacuum,  except  where  the  steam 
is  acting,  the  whole  SOlbs.  pressure  is  made 
available,  and  the  engine  has  the  same  power,  if 
of  equal  size,  as  a  high  pressure  engine  working 
with  steam  of  35lbs.  on  the  inch.  The  required 
vacuum  is  preserved  by  means  of  a  separate  vessel 
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or  box  c,  called  the  condenser^  into  which  cold 
water  is  constantly  running  to  condense  the  steam, 
and  is  then  pumped  out  again,  with  any  little  air 
that  may  have  entered,  by  a  pump  represented  at 
k  in  the  figure.  Steam  on  coming  into  contact 
with  a  cold  body  is  condensed  with  the  rapidity  of 
an  explosion. — ^The  great  merit  of  Mr.  Watt  was 
in  the  contrivance  of  this  separate  condenser,  for, 
until  his  time,  cold  water  had  been  thrown  di- 
rectly into  the  working  cylinder,  and  coolefd  it  so 
much,  that  twice  or  thrice  its  fill  of  steam  was 
destroyed  at  each  stroke  to  warm  it  again  before 
it  could  work.  This  single  change  saved  three- 
fourths  of  the  fuel  formerly  expended. 

Before  Watt's  day,  the  only  steam  engine  in  use 
was  a  rude  single-stroke  engine^  as  it  was  called, 
where  steam  pushed  the  piston  up,  and  the  pressure 
of  the  atmosphere  pushed  it  down  to  do  its  work : 
on  this  last  account  it  was  also  called  an  atmO' 
spheric  engine.  Such  engines  were  only  used  for 
pumping  water,  and  they  wasted  so  much  fuel,  from 
the  cause  mentioned  in  the  last  paragraph,  that  the 
expense  was  not  much  less  than  that  of  horses. 

In  the  atmospheric  engine,  the  steam  which 
lifted  the  piston  against  the  atmospheric  pressure 
required  to  be  at  least  as  strong  as  this  to  the  very 
end  of  the  stroke,  Another  of  Watt's  great  im- 
provements was,  that  by  altogether  excluding  the 
air  from  his  machine  he  was- at  liberty  to  stop 
the  supply  of  steam  for  each  stroke  before  the 
cylinder  was  full  and  to  make  the  mere  expan-? 
sion  of  the  quantity  admitted  impel  the  piston  to 


the  end  of  the  stroke.  This  principle  lias  been 
carried  still  farther  by  Messrs.  Hornblower, 
Woolfe,  and  others,  who  iiave  contrived  double 
engines,  in  which  strong  steam  is  made  first  to  act 
upon  a  small  piston,  and  when  it  lias  finished  a, 
stroke  there,  it  is  admitted  to  a  larger  one,  which  i^ 
moves  by  its  continued  expansion  alone.  The  same 
steum  is  thus  made  to  do  double  work  or  more. 

It  might  be  supposed  that  high  pressure  en-  . 
gines  would  be  wasteful,  because  in  them  tli^ 
steam  which  has  acted  must  be  driven  out  of  the 
cylinder  against  the  jjowerfid  resistance  of  the  at,- 
mosphere ;  while  in  the  low  pressure  engine  it 
passes  away  of  itself  to  the  condenser.  But  ii) 
the  low  pressure  engine,  nearly  half  the  power  of 
the  steam  is  expended  in  overcoming  the  friction 
of  the  numerous  parts  and  other  impediments  j 
while  in  that  of  high  pressure  the  parts  are  so 
much  fewer,  and  the  piston  is  so  much  smaller  iij 
proportion  to  tlie  force  acting  upon  it,  that  the 
loss  from  friction  is  often  less  than  a  fourth,  or  even 
a  sixth  of  the  steam  power,  and  thus,  althougl) 
the  resistance  of  the  air  is  to  be  overcome,  there 
JB  often  such  a  saving  on  the  whole  that,  but  for 
the  danger  attending  a  high  pressure  engine,  i):  ' 
would  generally  be  preferred. 

Froni  misapprehension  of  tlie  law  of  increase 
of  force  by  increase  of  heat  in  water,  explained 
by  the  table  at  page  S-tS,  some  exceedingly  false 
conclusions  have  been  drawn  and  acted  upon  at 
great  expense,  in  attempts  to  make  engines  to 
work  with  an  excessively  high  pressure.  Perhaps 
a  better  proof  could  not  be  adduced  of  the  ah- 
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surdities  into  wliich  even  liigliiy  ingenious  men 
may  fall,  when  ignorant  of  the  general  truths  of  na- 
ture, or  the  scientific  principles  belonging  to  the 
branch  of  art  in  which  they  are  labouring,  than 
the  history  of  supposed  inventions  and  improve- 
incnts  connected  with  the  steam  engine. 

The  fertile  genius  of  James  Watt  did  not  stop 
at  the  accomplishment  of  tlie  two  or  three  im- 
portant particukrs  described  above,  but  through- 
out the  whole  detail  of  the  component  parts  and  of 
the  vai'ious  applications  of  the  engine  he  contrived 
ttiiracles  of  simplicity  and  usefulness.  It  would 
exceed  the  prescribed  bounds  of  this  work  to 
tenter  more  minutely  into  the  subject ;  but  we  may 
remark  that,  in  the  present  perfect  state  of  the 
engine,  it  appears  almost  a  thing  endowed  with 
intelligence.  It  regulates  with  perfect  accuracy 
land  imiformity  the  vumlier  of  its  strokes  in  a 
given  time,  and  it  counts  and  records  them  as 
a  clock  does  the  beats  of  its  pendulum ; — it  rCr 
plates  the  quantity  of  steam  admitted  to  work  -.—^ 
the  brishness  of  the  Jive  ; — the  supply  of  ■a-aler  to 
the  boiler ; — the  supply  of  coals  to  the  fire  ; — it 
dpens  and  shuts  its  I'alves  with  mathematical  pre- 
cision as  to  time  and  manner  ; — it  oife  its  joints  ; — 
it  takes  out  any  air  wliich  may  accidentally  enter 
into  parts  tiiat  should  be  vacuous ; — it  warns  its 
Vttendants  by  ringing  a  bell  when  any  thing  goes 
Vrong  which  it  cannot  of  itself  rectify  ; — and  willi 
all  these  talents  and  qualities,  and  though  it  have 
the  power  of  six  himdred  horses,  it  is  obedient  to 
the  hand  of  a  child; — its  aUment  ia  coal,  wood, 
charcoal,  or  other  combustible ; — it  consumes  none 
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while  idle  ; — it  never  tires,  and  wants  no  sleep  ; — ■ 
is  not  subject  to  malady  when  originally  well  , 
made,  and  only  refuses  to  work  when  worn  out. 
with  age; — it  is  equally  active  in  all  climates,  and 
will  work  at  any  thing  ; — it  is  a  water-pumper,  a 
miner,  a  sailor,  a  cotton-spinner,  a  weaver,  a 
blacksmith,  a  miller — indeed,  it  is  of  all  occupa-. 
tions :  and  a  small  engine  in  the  character  of  a 
steam  pom/  may  be  seen  dragging  after  it  on  m 
raii-TOad  ninety  tons  of  merchandize,  or  a  regiment 
of  soldiers,  with  speed  greater  than  that  of  our 
fleetest  coaches.  It  is  the  king  of  machines,  and' 
a  permanent  realization  of  the  gaiii  of  Eastem 
fable,  whose  supernatural  powers  were  occasioi*,- 
aliy  St  the  command  of  man. 

It  is  no  wonder  that  the  inventor  of  an  en^ne 
having  such  qualities  as  these,  should  receive  tliff 
highest  honours  which  his  fellow-men  could 
bestow.  In  November  1825,  a  public  meeting  was 
called  to  vote  a  monument  to  James  Watt,  then 
not  long  deceased ;  and  the  most  distinguished 
men  of  the  empire,  of  all  parties,  philosophers  and 
statesmen,  met  to  vie  with  each  other  in  speaking 
his  praise.  Perhaps  a  series  of  such  eloquent  dis- 
courses have  rarely  been  pronounced  at  one  time, 
and  pethaps  in  the  progress  of  the  arts  of  civiliza- 
tion  there  can  rarely  be  offered  such  motive  and  oc- 
casion. The  common  voice  of  that  distinguished 
assembly  scarcely  exaggerated,  when  it  attributed 
to  Watt's  genius  and  perseverance  that  increase  of 
our  national  commerce  and  of  riches,  which  had' 
enabled  free  Britain,  single-handed,  at  an  extra- 
otiiinary  crisis  of  human  affiiirs,  to  contend  with 
•i  A  Q 
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Europe  combined  against  her,  and  at  last  to 
triumph,  so  as  to  secure  her  own  happy  destinies, 
and  probably  much  to  influence  those  of  the  hu- 
man race. 

As  science  and  the  twin  sister  art  are  making 
constant  advances,  who  shall  say  that  even  the 
steam  engine,  perfect  as  we  have  described  it 
to  be,  is  the  limit  to  human  discovery  of 
obedient  and  yet  mighty  force.  It  is  true  that 
the  nature  of  steam,  and  the  laws  of  its  formati<m 
and  action,  are  now  so  well  understood,  that 
the  intelligent  engineer  no  more  hopes  for  great 
improvement  in  steam  engines,  than  he  does  in 
the  mode  of  using  a  waterfall  to  turn  a  mill ;  but 
still  there  are  kindred  regions  of  nature  left  almost 
unexplored.  We  shall  make  a  remark  on  this 
subject  while  considering  the  nature  of  heat  in 
our  next  chapter. 

The  eayphsion  of  gunpo*ocder  and  qf  all  fulminating 
mixtures  bears  so  strong  an  analogy  to  the 
phenomenon  of  the  formation  of  steam,  that 
the  mind  may  advantageously  contemplate  the 
subject  in  this  place. 

The  ingredients  of  which  gunpowder  is  formed 
are  chiefly  substances  which,  when  separate, 
exist  at  any  common  temperature  in  the  form 
of  air;  and  the  combustion  sets  them  loose, 
with  a  production  of  intense  heat,  so  as  to  pro-. 
duce  an  increase  of  volume  which  is  instantane- 
ous, and  almost  irresistible.  By  experiment  and 
mathematical  deduction,  it  appears  that  the  ex- 
ploding   particles    begin  to   separate  from  each 
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flet  "With  a  velocity  as  if  ten  thousand  volumes 
of  air  had  been  condensed  into  one  ;  and  this  ex-  ■ 
plains  tlie  corresponding  force  and  swiftness  with 
which  a  bullet  is  propelled. 

All  the  fulminating  metals  are  chiefly  combina- 
tions of  the  like  substances  with  the  metals,   and  ■ 
they  are  held  together  by  so  slight  a  tie,  that  a  j 
little  friction  or  elevation  of  temperature  disunites 
tliem  and  produces  an  explosion. 

The  escape  of  the  condensed  air  from  the 
chamber  of  an  air-gun,  is  a  species  of  explosion : 
but  is  very  gentle  compared  with  the  shock  rf 
discharged  gunpowder. 

It  has  lately  been  shewn  that  a  gun-barrel  may 
be  connected  with  a  high  pressure  steam  boiler, 
as  with  a  chamber  of  condensed  air ;  and  as  the 
steam  can  be  supplied  as  long  as  water  remaina 
in  the  boiler,  if  bullets  be  allowed  to  fall  into 
the  barrel  fast  enough,  from  a  chamber  or  ma- 
gazine above  it,  a  hundred  may  be  thrown  out 
uvery  minute  with  the  same  force  and  precision 
aa  if  each  issued  from  a  common  piece  of  artillery. 
The  rapid  succession  may  almost  be  said  to  re- 
oemble  the  issue  of  water  from  a  jet  pipe ;  and 
if  such  an  engine  could  be  used  in  a  field  of 
battle,  the  barrel  of  death,  made  to  point  gra. 
dually  along  a  line  of  men,  would  mow  tliem 
■  liovm  Uke  corn-stalks  before  the  scythe — ^norie 
could  escape.  The  horrible  idea  and  proposal 
have  been  excused  by  saying,  that  to  prove  the 
possibiUty  of  such  havoc  must  have  the  eflfcct  of 
putting  an  end  to  war  altogether. 

The  invention  of  gunpowder,  with  the  conse- 
•2  aS 
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quent  change  of  military  tactics,  from  giving  tb  a 
handful  of  men  possessing  it  the  mastery  over 
thousands  who  had  it  not»  was  hailed  by  the  phi- 
losophers of  the  day  as  a  certain  security  against 
the  relapse  of  civilized  mankind  into  such  a  state 
of  barbarism  as  followed  the  irruption  into  Europe 
of  the  Goths  and  Vandals :  none  but  highly  in- 
structed and  disciplined  armies  could  now  enter 
a  European  nation.  This  consideration,  however, 
has  lost  its  interest  since  the  invention  of  printing, 
and  other  changes  in  society  have  given  still 
better  and  more  humane  securities. 

Besides  the  interesting  instances  now  cited  of  the 
pressure  of  the  atmosphere  determining  whether 
certain  substances  shall  or  shall  not  have  the 
form  of  air,  there  are  yet  others  that  deserve 
mention,  where  the  effect  is  modified  by  com- 
bination of  bodies. 

The  pressure  of  the  atmosphere  at  the  surface 
of  the  earth  keeps  a  certain  quantity  of  air  in 
combination  with  water,  so  that  it  forms  part 
of  the  liquid  mass.  This  air  reappears  at  once 
on  taking  off  the  pressure.  If  we  place  a  glass 
of  water  under  the  receiver  of  an  air-pump  and 
exhaust  it,  the  glass  is  soon  filled  with  bubbles 
of  air,  seen  adhering  all  around  on  the  sides,  or 
rising  through  the  water.  This  admixture  of  air 
in  water  is  necessary  to  the  life  of  fishes.  It  is 
driven  off  by  boiling,  and  hence  the  vapid  taste 
of  water  that  has  been  boiled. 

In  making  beer,  wine,  and  other  fermented 
liquors,  there  is  a  large  quantity  of  the  substance 
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called  carbonic  acid  formed  during  the  i'ermen-r 
tation.  Much  of  it  flies  off  in  its  usual  fornj 
of  gas,  but  much  still  remains  in  union  with 
the  liquid,  because  of  tlie  pressure  of  the  atmo^ 
spare.  On  removing  this  pressure  suddenly  the 
liquid  appears  almost  to  boil,  as  when  a  glasfi 
of  warm  beer  is  placed  under  the  air-pump 
vacuum.  .  1 

A  degree  of  pressure  still  greater  tliau  that  of 
the    atmosphere,    keeps   a   proportionally    larger 
quantity  of  this  carbonic  acid  in  liquid  combina- 
tion :  as  in  bottled  porter  or  sparkling  champaign^ 
before  the  cork  is  drawn  ;  but  as  soon  as  the  couit 
pression  maintained  by  the  cork  is  removed,  the 
gas    escapes,    causing    the   thin   champaigne   to  ' 
sparkle,  and  the  more  viscid  beer,  which  retains  the 
little  bubbles  as  they  rise,  to  be  covered  with  i 
froth.      After  the  sparkling    and   fi'othing   have 
ceased  under  the  atmospheric  pressure,  by  placing 
the  glass  in  the  air-pump  receiver  the  phenome-  > 
lion  may  be  renewed.  I 

Carbonic  acid  no  readily  becomes  liquid  when 
the  attraction  of  water  is  joined  to  compressioOt 
tliat  enough  of  it   may  be  united  with  water  to 
make  a  pint  become  a  pint  and  a  haj£     The  soda  I 
water,  or  aerated  water,  now  so  generally  used  ia 
Europe  as  diink  in  wai-m  weatlier,  is  water  with  j 
earbonic  acid  forced  into  it  by  pressure,  and  a,  \ 
part  of  this  is   seen  escaping  always  at  tlie  ia- 
stant  of  the  confining  cork  being  drawn. 

Carbonic  acid  forms  one-fourtli  of  the  substance 
of   inai'ble    or   lime-stone ;    and    when    anoth^  ' 
htionger  acid,  as  vinegar  or  sulphuric   acid,  js  | 
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poured  upon  marble,  it  dispossesses  the  capbomc 
acid,  and  unites  itself  witli  the  pure  lime.  ■  The 
carbonic  acid  in  rising  constitutes  the  eiferves^ 
cence  which  then  appears. 

Many  mineral  waters  contain  carbonic  acid^ 
which  remains  in  tranquil  combination  while  die 
water  is  bearing  a  certain  pressure  under-gFound{ 
but  which  in  part  escapes  as  soon  as  only  the 
atmospheric  pressure  remains;  such  wat»s  are 
called  sparkling  waters. 

The  reason  that  champaignc  and  the  aerated 
waters  are  so  cool  when  first  decanted  is,  that  the 
carbonic  acid,  in  assuming  its  gaseous  form,  ab- 
sorbs as  latent  heat  a  large  proportion  of  what  wa» 
previously  existing  in  the  liquid. 

^  la 

The  atmospheric  pressure,  by  causing  different 
densities  in  the  air  according  to  the  different 
heights  above  the  level  of  the  sea,  causes  cor- 
responding differences  of  temperature. 

The  explanation  of  this  is  simple.  If  a  gallon 
of  air  at  the  surface  of  the  earth  contain  a  certain 
quantity  of  heat,  this  must  be  diflused  equally 
ihiough  the  space  of  the  gallon  ;  but  if  this  gallon 
of  air  be  compressed  into  one-tenth  of  the  bulk, 
there  will  then  be  ten  times  as  much  heat  in  that 
tenth  as  there  was  before  ;  and  the  increase  will 
affect  the  thermometer.  In  like  manner,  if  by 
taking  off  pressure  the  gallon  be  made  to  dilate 
to  ten  gallons,  the  heat  will  be  in  the  same  pro- 
portion diffused,  and  any  one  part  will  be  propor- 
tionally colder  than  before.  It  is  known  that  air 
may  be  so  much  compressed  under  the  piston  of 
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a  close  Byringe,  that  the  heat  in  it  similarly  con- 
centrated,  becomeg  intense  enough  to  inflame  tin- 
der attached  to  the  bottom  of  the  piston.  This 
contrivance  is  in  common  use  as  a  means  of  ob- 
taining an  instantaneous  light.  ' 

Now,  for  the  reason  here  explained,  the  air  near 
the  surface  oC  the  earth,  forming  the  bottom  of 
the  atmosphere,  because  condensed  by  the  weight 
of  what  is  above  it,  i«  much  warmer  than  the  same 
iur  when  higher  up,  where  it  is  more  expanded 
(»■  thin,  from  the  pressure  being  less.  In  many 
cases  the  height  of  mountains  may  be  estimated 
by  the  difference  of  temperature  observed  at  the 
bottom  and  at  the  top.  While  a  thermometer 
stands  at  60"  at  the  bottom  of  St.  Paul's  Cathe- 
dral in  London,  another  marks  only  58°  at  the 
top  of  tlie  dome ;  and  in  the  \oth,-  ascent  of  a 
balloon,  the  thermometer  soon  tails  to  the  freezing 
point  and  below  it,  until  the  cold  becomes  almost 
insupportable  to  the  aeronaut. 

In  every  part  of  the  earth  there  is  a  cei'tain  ele- 
vation in  the  atmosphere,  differing  according  to 
the  latitude  or  proximity  to  the  equator,  in  which 
the  thermometer  never  rises  above  the  freezing 
point,  and  this  limit  is  called  the  level  of  per* 
petual  congelation.  In  Norway  it  is  at  five  thou- 
sand feet  above  the  level  of  the  sea ;  in  Switzer- 
land at  six  thousand  five  hundred ;  in  Spain  and 
Italy  at  seven  thousand  ;  farther  south,  at  Tene- 
riffe,  at  nine  thousand  ;  directly  under  the  sun, 
aa  in  Central  Africa  and  among  the  Andes  in  'J 
America,  it  is  about  fourteen  thousand. 

It  appears,  therefore,  that  the  same  low  tciii. 
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perature  may  be  Jbunti  on  tiie  equator  as  at'ue 
pole,  by   rising   to    find    it ;  and    the    snow-capt 
mountains   are    not   the    children    only  of  high 
northern  and  southern  latitudes.     It  ifi  this  truth 
which  renders  the  tropical  regions  of  tlie  earth 
not  only  tolerable  abodes  in  many  parts,  but  in- 
'fcrior  to  none  on  earth  ;  although,  by  reason  of 
tiie  great  heat,  the  ancient  philosoj)hers  of  Europe 
thought  them  uninhabitable  by  man,  and  an  ever- 
lasting barrier  between  the  northern  and  southern 
hemispheres.  Much  of  the  central  land  of  America 
hear  the  tropics  is  so  raised,  that  as  to  tempera- 
'  dure  it  becomes  a  European  climate,  while  the  Ught> 
'  lite&s  and  purity  of  air,  and  the  brightness  of  sun, 
add  delightfully  to  ita  charms.     The  mighty  ex- 
]Kinse  of  table-land  forming  the  empire  of  Mexico 
is  of  tliis  kind,  enjoying  the  iirimediate  prosiraitj 
of  the   sun,  and  yet,  by  its  elevation    of  seven 
thousand  feet  above  the  level  of  the  ocean,  pos- 
sessing the  most  healthful  freshness.     The  land 
in  many  parts  has  the  fertility  of  a  cultivated  gar- 
den, and  produces  naturally  all  the  treasures  of 
^  vegetation  scattered  over  the  diversitied  face  of" 
'  ^e  world.    This  country,  well  governed,  might  be- 
r  come  a  realization    of  paradise.     The    plains   of 
P 'Columbia  in  South  America,  and  indeed  all  along 
ridge   of  the    Andes,    are   similarly  circum- 
tanced.     It  becomes  a  most  singular  contrast, 
fter  sailing  one  thousand  miles  up  the  level  river 
^JWagdalena,  in  a  heat  scarcely   equalled  on  the 
plains  of  India,  all  at  once  to  quit  the  low  region 
md  climb  to  the  table-land  above,  where  Smta 
P&  de  Bogota,  the  capital  of  the  republic,  is  seen 
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smiling  over  iutermiDable  plains,  that  bear  the 
hvery  of  the  fairest  fields  of  Europe.  « 

Persons  not  reflecting  on  the  law  which  we 
are  now  illustrating,  have  expressed  surprise  that 
wind  or  air  blowing  down  upon  them  from  a 
snow-clad  mountain  summit  should  still  be  warm 
and  temperate.  The  truth  is,  that  there  is  just 
as  much  heat  combined  with  an  ounce  of  air  while 
on  the  mountain  top  as  iu  the  valley,  but  above, 
the  heat  is  diffused  through  a  space  perhaps  twice 
as  great  as  it  occupies  below,  and  therefore  is  less 
sensible.  It  may  be  the  same  air  whicii  blows  on  A 
warm  plain  at  the  side  of  a  mountain,  which  then 
rises  and  freezes  water  on  the  summit,  and  wliich 
in  an  hour  or  less  after  is  again  found  among 
the  flowers  of  another  valley,  as  a  gentle  and  warm 
breeze. 

The  temperature  depending  thus  upon  rarity  of 
the  air,  gives  a  character  to  the  vegetable  produc- 
tions of  each  distinct  region  or  elevation,  and 
many  of  the  peculiarities  of  places  and  climate 
depend  on  it. 

Because  the  atmospheric  pressure  determines  the 
temperature  of  the  air  in  different  situations, 
as  now  explained,  it  has  also  a  corresponding 
influence  upon  the  state  of  aerial  humidity, 
which  is  modified  by  the  temperature. 

It  was  explained  at  page  SiH,  tliat  water  an(J 
other  liquids  enclosed  in  a  vacuum  rise  m  the  form 
of  air  or  vapour  with  force  and  in  quantity  having 
a  strict  relation  to  the  temperature — heat  being 
in  fact  the  cause  of  their  rising — and  the  table  «t 
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page  848  exhibits  the  force,  and  therefore  idie 
density  of  watery  vapour  cdrrtepondiioig  to  eome 
certain  temperatures*'.   Nowi  it  is  ^a  •  remarbabk 
circunMstatice,  that  vapour  :of<  the'  same  quantity 
and  tension  rises  at  a  given  temperature  fromrjaay 
liquid,  whether  this  be  under  the  pressure  of  :ttr 
er^in  a  perfect  vacuum,   and  it.  dtfiuses;  itsebf 
througfaany  given  space,  among  air  of. any  densitjrv 
just  as  if  the  air  were  not  present.    Forcailoflg 
time  it  was  supposed  that  in  such  '■  cases  •  the  tair 
diS8<!>lved'  the  Uqmd  as  a  liquid  dissolvesf  a  salt  s 
but  it"now  appears  that  theiie  is  -  merely  *a  Vme* 
ehaliical  mixture  of  the  two.    :If  >tke  vapomt 
while  rising'  from  a>iliquid|,;ha8  not  aitensionm 
elaistic  force  equal  to  tiie  pressure  of  tlie  ataao^ 
sf^re,  the  process  is  tranquil,  and  is  called  a»{i<t 
poratioHj  and  it  goes  on  only  as  the  vaponr  .ean 
difRise  itself  among  the  particles  of  the^iiTyvaind 
therefore  slowly  in  air  perfectly  quiescent, ;  but 
quicker  as  the  air  is  moving  more,  or  as  the  den- 
sity of  the  air  is  less.    But  when  the  vapour^  owing 
to  greater  heat,  is  strong  enough  to  .overcome  the 
atmospheric  pressure  of  fifteen  pounds  per  inch, 
the  phenomenon  of  boiling  arises  as  already  de- 
scribed. 

For  the  reason  now  explained,  the  air  of  our 
atmosphere  contains  diffused  through  it  a  large 
quantity  of  invisible  aerifonn  water ;  and  if  no 
changes  of  temperature  happened  in  the  at- 
mbsphere^  the  quantity  of  water  would  soon 
Hefech  a  masiffmm,  or  would  be  the  greatest 
that  th*  medium  temperature  of  die  earth  could 
support,    and   then   there   would  be  no  farther 
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change  :  but  instead  of  this,  tlie  local  tempera- 
tures are  constantly  fluctuating,  and  when  thejl 
fall  in  situations  where  a  maximum  of  watery  vai 
pour  is  present,  part  of  this  is  instantly  reducei 
to  the  state   of  water  again,  and  appears  in  ths 
form  oi'  mist,  rain^  sno'so,  or  /imf,  according  to  cic* 
cumstances.     To  supply  material  for  these  phe* 
nomena,  evaporation  is  going  on  wherever,  ovev 
water,    there   is    not   a   maximum   of  vapour    ii» 
the. air:   and  these    opposing  oi>eration8  of  eva. 
poration  and  condensation  keep  up  that  constant 
circulation  of  moisture  wliich  is  the  life  of  nature. 
When  a  given  quantity  of  water  assumes  tlia 
aeriform  state,  it  contains  the  same  quantity  of  j 
latent  heat  in  all  cases,  whether  rising,  lor  im 
stance,  from  a  steam  engine  boiler,  or  fioni  th« 
surfaoe  of  a  lake.     Hence  we  see  why  evijpora*  i 
tion     is    so    cooling   a    process  to   a   liquid 
moistened    solid   from  wliich  it  is  arising;    and  ^ 
as  we  have  already  shewn  that  a  rapid  passing  oS  , 
dry  air,  or  a  vacuum,  quickens  evaporation,  w»  | 
see  now  why  both  of  these  accelerate  the  cooling* 
Wet  linen  placed  in  a  strong  wind  becomes  drji 
almost  immediately ;    a  bottle    of  wine    covered 
with  a  wet  cloth  and  susjiended  in  a  current  of  j 
air,  as  is  practised  in  warm  climates,  is  quickly 
cooled;  mats  hung  up  aroujid  the  walls  of  house* 
in  India,  and  frequently  wetted  tlirougU  the  day|' 
preserve  a  delightful  freshness  in  the  apartmentai 
The  rapidity  of  evaporation    from    water    und«r  '< 
the    exhausted    receiver    of   an    air-pump,,  aud 
particularly  when   some    other    substance    whicii 
powerfully  absorbs  watery  vapour  is  included  with 


it,  16  so  rapid,  and  oarrk's  olfthe  heat  su  quickly, 
that  the  mass  of  water  freezes  before  much  of  it 
has  been  carried  away.  Sprinkling  water  or  vine, 
gar  over  a  hot  sick-room  cools  and  refreshes  it ; 
wid  watering  the  streets  of  a  city  moderates 
thei'e  the  intensity  of  summer  heat.  In  warm  cli- 
matea  water  is  cooled  for  drinking  by  putting  it 
into  vessels  so  porous  that  the  external  surface  is 
always  moist,  the  vessels  being  then  suspended  in 
a  current  of  air,  or  when  it  is  calm,  being  made 
to  vibrate  in  the  manner  of  a  pendulum. 
,  It  is  because  air  saturated  with  moistiu'e,  that 
18  to  say,  having  as  much  water  diffused  in  it  as 
can  be  supported  in  the  invisible  or  aeriform  state 
at  the  existing  temperature,  lets  fall  a  part  on  any 
reduction  of  the  temperature,  that  air  which  has 
been  heated  by  the  sun  during  the  day,  and  has 
received  much  moisture,  lets  it  fall  again  during 
the  night,  and  exhibits  the  night  fogs  of  certain 
seasons,  which  float  upon  the  surface  of  the  earth, 
until  again  acted  upon  by  the  beams  of  the  nest 
moniing's  sun.  Fog  more  condensed,  by  gjoups 
of  the  particles  uniting,  forms  rain ;  and  this 
when  cooled  becom&s  snow  or  hail. 
■  The  quantity  of  dew  which  falls  at  night-  is 
much  influenced  by  the  moisture  which  the  heat 
of  the  day  enables  the  atmosphere  to  take  up ; 
but  the  immediate  cause  of  the  dew  is,  that  the 
temperature  of  the  objects  on  which  it  settles  be- 
comes lower  during  the  night  than  that  of  the  at- 
mosphere. This  true  explanation  was  most  in- 
geniously proposed  some  years  ago  by  Dr.  Wells. 
There  is  a  tendcncv  in  heat  to  difliise  itself  nni- 
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formly  among  bodies,  by  a  constant  radiation  from 
one  to  another,  which  is  rapid  in  proportion  as  the    , 
temperature  of  any  one  is  higher,  and  it  therefore 
soon  reduces  all  to  nearly  the  same  state.     Now    I 
when  there  are  clouds  in  the  atmosphere  atnight; 
they  receive  the  heat  darted  upwards  from  the    | 
things  on  the  earth's  surface,    and  they  radiate  | 
heat  back  in  return,  and  become,  as  it  were,  a 
clothing   to  maintain    the  warmth    of  the   earth 
beneath  j  and  on  cloudy  nights  there  is  no  dewi 
But  with  a  clear  sky,  the  heat  radiated  upwards  at 
night,  darts  into  boundless  space,  and  is  lost  alto-  | 
gether  to  the  objects  which  emitted  it.     Thesei    I 
therefore,  whicii  during  the  day  had  the  same,  or    1 
even  a  higher  temperature    than  the  atmosphers    I 
around,    now  become  colder,   and    the   aeriform    1 
water  which  comes  into  contact  with  them  is  con»    I 
densed,  and  forms  a  copious   dew.     This  heax»   ] 
tiful   provision  of  nature  supplies    the  necessaiy    I 
moisture  to  vegetables  during  seasons  when  raiii 
is  deficient.     Dew  on  very  cold  objects  freezes  ai 
it  falls,  and  is  then  called  hoar  J'rost.     A   phet 
nomenon  which  may  class  with  that  of  dew  is  the 
perspiration,  as   it  is  vulgarly  called,  of  massive    ( 
walls  and  furniture  on  the  sudden  occurrence  of 
warm  weather  ;  it  is  merely  that  the  wail  or  other    i 
object,  from  not  having  yet  acquired  the  tempera-  j 
ture  of  the  surrounding  air,  condenses  upon  if^eif  ] 
a  part  of  the  atmospheric  moisture.  :    1 

Many  instniments  have  been  contrived,  with  the 
name  oi  hi/grometers,  for  indicating  the  quantifcjr    | 
of  water  in  the  atmosphere.     A  prepared  human 
bair  is  the  esBMitial  part  of  one  of  the  best :  this 


lengthens  or  shortens  according  to  tlie  quiintity 
of  moisture  around  it ;  and  its  variation  is  made  to 
move  an  index  like  tliat  of  a  wheel  barometer, 
to  mark  the  degrees.     The  common  hygrometers 

,  ^e  only  philosophical  toys. 
-  A  great  fall  of  the  barometer  indicates  a  dimi. 
niahed  pressin-e  in  the  atmosphere  around,  with  a 
consequent  dilatation  of  the  air  and  ihll  of  tem- 
perature, as  explained  a  few  paj^es  back  j  and  if 
the  air  at  such  a  time  hold  a  maximum  of  moisture, 
a  part  of  it  must  fall.  Thus  a  fall  of  the  barometer, 
a  fall  of  temperature,  and  a  tall  of  rain,  often  come 
together  as  three  adjoining  links  of  a  chain. 

Illustrating  this  by  experiment,  we  find,  thatOQ 
the  extraction  of  air  from  the  receiver  ot"  an  air- 
pump,  a  cloud  or  mist  often  appears  in  it  atler  the 
&st  strokes  of  the  piston.  The  reason  is,  tliat 
the  remaining  air,  cooled  by  the  rarefication,  ab« 
sorbs  heat  from  the  vapour  in  combination  with 
it,  and  renders  this  visible.  It  is  then  removed 
by  the  subsequent  action  of  the  machine,  or  is 
re-dissolved  when  the  usual  quantity  of  air  is  re- 
admitted. 

■  We  now  understand  why  rain  happens  so 
much  more  frequently  among  mountains  tlmn 
■on  extended  plains.  If  air  saturated  with  mois- 
ture   approaches   a  mountain  ridge  to  rise  over 

'it,  for  every  foot  which  it  rises  it  escapes  from 
a  degree  of  the  pressure  which  it  bore  wliile 
■lower  down,  and  in  then  dilating,  it  becomes 
colder,  and  lets  fall  part  of  its  nioiatui'e.  It  is 
the  rain  periodically  thus  produced  in  mountain- 
ous regions  which  causes  the  extraordinary  annua) 
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overflowing  of  many  great  rivers,   such   as   the 
Nile,  tlie  Ganges,  &c. 

Those  who  have  visited  the  Cape  of  Good 
Hope,  will  recollect  a  striking  phenomenon  illus- 
trative of  our  present  subject,  observed  there 
when  the  wind  blows  from  the  south-oast.  Be- 
yond the  city,  as  viewed  from  tlie  bay,  there  ia 
a  mountain  of  great  elevation,  called,  from  its 
extended  flat  summit,  the  Table  Mountain.  In' 
general  its  rugged  steeps  are  seen  rising  in  a 
clear  sky ;  but  when  the  south-east  wind  blows, 
the  whole  summit  becomes  enveloped  in  a  cloud 
of  singular  density  and  beauty.  The  inhabitants 
call  the  phenomenon  the  spreading  of  the  table- 
cloth. The  cloud  is  composed  of  immense  masses 
of  fleecy  whiteness.  It  does  not  appear  to  be 
at  rest  on  the  hill,  but  to  be  constantly  rolling 
onward  from  the  south-east;  yet  to  the  surprise  of 
the  beholder,  it  never  descends,  because  the  snowy 
wreaths  seen  falling  over  the  precipice  towards  the, 
town  below,  vanish  completely  before  they  reach 
it,  while  others  are  formed  to  replace  them  on  the 
other  side. — The  reason  of  this  phenomenon  is, 
that  the  air  constituting  the  wind  from  the  south- 
east having  passed  over  the  vast  southern  ocean, 
comes  charged  with  as  much  invisible  moisture  as 
its  temperature  can  sustain.  In  risiiig  up  the  side 
of  the  mountain  it  is  rising^)  the  atmosphere, 
and  is  thereibre  gradually  escaping  from  a  part  of 
the  foriner  pressure ;  and  on  attaining  the  summit 
it  has  dilated  so  much,  and  has  consequently  be-  ' 
come  so  mucii  colder,  that  it  lets  go  part  of  its ' 
moisture.     This  then  appears  as  the  cloud  now 
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described ;  but  its  substance  no  sooner  i^Is  over 
the  edge  of  the  mountain^  and  again  descends 
in  the  atmosphere  to  where  it  is  pressed,  and 
condensed,  and  heated  as  before,  than  the  water 
is  re-dissolved  and  disappears :  thus  the  magni- 
ficent apparition  dwells  only  on  the  mountain  top. 

When  the  elevation  to  which  moisture  is  sud-r 
denly  carried  is  very  great,  the  fall  of  tempera- 
ture is  proportional,  and  the  separating  water 
becomes  snow  instead  of  rain.  In  a  Heroes  foun* 
tain,  used  in  one  of  the  mines  of  Hungary,  the 
air  is  so  compressed,  that  on  being  released,  it 
expands  and  cools  enough  to  cause  the  moisture 
driven  out  with  it  to  appear  immediately,  even  in 
summer,  as  a  shower  of  snow. 

The  foregoing  reasoning  explains  why  ^long  the 
sides  of  mountain  ridges,  clouds  are  generally 
seen  floating  at  a  certain  height  only,  and  there- 
fore in  horizontal  strata.  The  water  is  separated 
from  the  air  at  a  certain  temperature,  which  is 
dependent  on  the  height,  as  explained  at  page 
364 ;  and  above  that  height  the  air  is  too  rare  to 
support  clouds.  Very  lofty  summits  are  seen 
rising  above  the  clouds  altogether,  and  the  ad- 
mirer of  nature  who  climbs  towards  them  may 
see  the  grand  phenomena  of  the  thunder-storm 
far  beneath  his  feet.  Teneriffe  soars  so  sublimely, 
that  the  distant  sailor  often  mistakes  the  line  of 
clouds  hanging  around  its  sides  for  the  white 
streak  which  elsewhere  indicates  the  clifis  and 
waves  of  the  sea-shore. 


FLOATING.  S^S 

Huid  support  orjioating,  in  air.  (Read  the  analysis, 
page^SS.) 

When  it  was  explained,  under  "  Hydrostatics," 
that  any  body  immersed  in  a  fluid  is  resisted  or  held 
up  exactly  with  the  force  which  woidd  support  a 
quantity  of  the  fluid  occupying  the  same  space, 
and  that  therefore  the  body  will  sink  or  swim, 
according  as  it  is  heavier  or  lighter  than  its  bulk 
of  the  fluid,  the  reasoning  was  as  applicable  to  the 
case  of  a  body  immersed  in  an  air  as  in  a  liquid. 

We  hence  see  why  a  body  weighed  in  air  ap- 
pears hghter  than  when  weighed  in  an  empty  space 
or  vacuum,  by  the  exact  weight  of  its  bulk  of  the 
air: — and  why,  for  the  same  reason,  the  jocular 
question,  whether  a  pound  of  lead  or  a  pound  of 
cork  be  tlie  heavier,  admits  of  a  more  profoimd 
answer  than  is  usually  supposed.  The  cork  is 
really  the  heavier,  because  when  balanced  in  air, 
bulky  cork  is  more  supported  than  denser  lead. 
A  small  beam,  with  pieces  of  cork  and  lead  which 
equipoise  in  the  air,  attached  to  its  opposite 
ends,  if  placed  under  the  exhausted  receiver  of 
an  air  pump,  exhibits  the  cork  preponderating. 

As  any  liquid  lighter  than  water,  such  as  oil  or 
spirits,  on  being  set  at  liberty  under  the  surface 
of  water,  will  rise,  while  any  heavier  liquid,  such  as 
brine,  syrup,  or  sulphuric  acid,  will  sink ;  and  in 
both  cases  with  force  propoi-tioned  to  the  difference 
of  specific  gravities — so  we  find,  that  in  com- 
mon air,  a  mass  of  hydrogen  or  hotter  air  ascends, 
because  specifically  lighter ;  while  oxygen,  car- 
bonic acid  gas,  or  colder  air  descends,  because 
specifically  heavier. 

2  B  9 
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A  Balloon 

is  a  thin  light  bag  of  varnished  silk,  generally 
shaped  like  a  globe  or  egg»  and  filled  with  a  fluid 
lighter  than  common  air.  It  is  made  large  enough 
to  enable  it,  by  the  difference  between  its  weight 
and  that  of  an  equal  bulk  of  common  air,  to 
carry  aloft  the  material  of  which  itself  and  its  car 
are  constructed,  with  the  aeronauts,  and  their 
apparatus.  It  is  in  principle  like  a  bladder  of  oil 
immersed  in  water.  A  globe  of  thirty-five  feet 
diameter  has  a  capacity  of  nearly  twentyrtwo 
thousand  cubic  feet.  This  quantity  of  common 
air  weighs  about  sixteen  hundred  pounds,  and  the 
same  quantity  of  hydrogen  gas,  of  easily  obtain- 
ed purity,  weighs  only  one-eighth  as  much,  or  two 
hundred  pounds.  Such  a  globe,  therefore,  beiiE^ 
buoyed  up,  or  supported  in  common  air,  with  a 
force  of  sixteen  hundred  pounds,  while,  if  fiUed 
with  hydrogen,  it  only  weighs  two  hundred,  wafl 
carry  up  into  the  sky  fourteen  hundred  pounds  of 
material  and  load. 

The  first  balloon  was  constructed  by  a  man 
ignorant  of  what  he  really  was  effecting.  Seeing 
the  clouds  float  high  in  the  atmosphere,  he  thought 
that  if  he  could  make  a  cloud,  and  enclose  it  in  a 
bag,  it  might  rise  and  carry  him  with  it»  Then 
erroneously  deeming  smoke  and  a  cloud  the 
same  thing,  he  made  a  fire  of  green  wood,  and 
placed  a  great  bag  over  it  with  the  mouth  down- 
wards to  receive  the  smoke.  He  soon  had  the  joy 
of  seeing  this  full,  and  ascending  ;  but  he  under- 
stood not  that  the  cause  was  the  hot  air  within, 
which,  being  heated  and  dilated,  became  lighter 
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lari"  the  surrounding  air,  and  was  buoyed  up, 
while  the  visible  part  of  the  smoke,  of  which  he 
chiefly  tlioiight,  was  really  heavier  than  the  air, 
and  was  an  impediment  to  his  wishes. 

The  true  principle  of  the  hoi  air  or  fire  ballooH; 
was  afterwards  better  understood,  and  the  con- 
trivance was  used  by  aeronauts,  until  tiic  more 
commodious  and  less  dangerous  modification, 
called  the  inJUimmahle  air  balloon^  or  balloon  of 
hydrogen,  was  substituted. 

Since  the  modern  introduction  of  gas  lights,  the 
carbiereiled  hydrogen  used  for  them  is  generally 
employed  for  filling  balloons.  It  is  considerably 
heavier  than  pure  hydrogen,  but  is  so  much  more 
readily  obtained,  that  aeronauts  prefer  making  a 
larger  balloon  to  suit  it,  than  a  smaller  one  which 
obliges  them  to  prepare  the  other.  A  thin  paper 
bag,  filled  with  the  hot  air  rising  from  a  large 
lamp,  is  a  miniature  hot  air  or  Jive  balloon;  and  a. 
common  soap  bubble  filled  with  hydrogen,  is  3 
little  itiflammablG  air  balloon,  which  mounts  with 
great  rapidity. 

There  are,  perhaps,  few  occasions  calculated 
more  to  surprise  and  delight  the  mind,  than  when 
a  balloon  is  first  beheld  sailing  high  in  the  bosom 
of  the  air,  and  lifting  man  to  regions  far  beyond 
those  which  the  soaring  eagle  has  ever  reached;, 
and  to  the  intrepid  aeronaut  himself,  the  scene 
of  a  world  displayed  beneath  Mm  is  unquestion- 
ably the  grandest  wliich  mortal  eye  has  ever  com- 
passed.  Even  wide-spread  London,  the  queen  of 
the  cities  of  the  earth,  and  a  tittle  world  within 
itselfi  when  viewed  trom  such  an  elevation  in  the 
'iB3 
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Bkyi  appear^  but  as  a  dusky  patch  upon  a  map, 
where  the  far-fametl  Thames  is  seen  wimling  as  a 
silvery  line,  and  where  the  magnificent  templeu 
and  palaces  scattered  around,  appear  but  as  darker 
poiuts  rising  out  of  the  general  mist  of  buildings, 
in  which  a  million  and  a  half  of  humau  beings 
reside. 

The  first  aeronautic  expeditions  astonished  the 
world,  and  endless  reveries  passed  through  mens* 
minds  of  important  uses  to  which  the  new  dis- 
cover}' might  be  applied ;  but  more  mature  re- 
flection, and  now  frequent  trials,  have  shewn, 
that  the  balloon  is  interesting  chiefly  from  having 
furnished  philosopliers  with  the  opportunity  of 
making  important  observations  in  elevated  regions 
ot  the  atmosphere.  Tlie  French,  under  the  Di- 
rectory in  1796*  attempted  to  use  it  as  a  military 
station,  from  which  the  position  and  motions  of 
an  enemy  might  be  descried ;  but  the  plan  was 
eventually  abandoned.  Although  aeronauts,  while 
idofit,  have  the  power  of  making  the  balloon  rise 
farther  by  throwing  out  part  of  the  sand  ballast 
which  they  carry  with  them,  or  descend  by  open- 
ing a  valve  at  the  top  of  the  balloon  which  allows 
the  hydrogen  to  escape,  still  they  have  no  power 
of  producing  a  lateral  motion.  The  idea  wliich 
yet  strongly  excites  the  minds  of  some  projectors, 
that  means  may  be  found  of  directing  a  balloon 
in  the  sky,  as  a  ship  is  directed  on  the  sea,  is 
about  as  reasonable  as  to  suppose  that  a  littie 
worm,  suspended  to  a  huge  block  of  wood,  and 
driven  along  at  the  rate  of  eight  or  ten  miles  an 
hour  by  a  river  torrent,  should  have  power  to  stop 
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or  sail  against  tlie  current.  A  man  in  a  batloon- 
wouid  generally  have  to  resist  or  change  a  motion 
oi'  aeveuty  or  eighty  miles  an  hour. 

A  balloon  which  is  only  half  full  at  the  surface' 
of  the  earth,  will  be  quite  full  when  it  has  risen 
three  miles  and  a  haiti  because  at  that  altitude, 
air  from  below  doubles  its  volume  on  account 
of  the  diminished  pressure.  A  balloon,  therefore, 
if  quite  distended  on  first  rising,  must  let  out  as 
it  ascends,  or  it  will  burst :  this  is  true  also  of 
the  drum  of  the  iiuman  ear  under  the  same  circum- 
stances, and  in  a  contrary  way  under  the  opposite 
cii'cumstances,  of  descending  in  a  diving  bell. 

The  downy  seeds  of  plants  which  are  seen 
floating  about  upon  the  wind  in  autumn,  are  not 
lighter  than  air,  but  have  so  much  bulk  and  sur^ 
tace  in  proportion  to  their  weight,  that  the  frictiorf 
of  the  passing  air  upon  them  is  greater  than  their  ' 
weight,  aud  carries  them  along. 

A  sheet  of  paper,  made  in  some  degree  td 
resemble  a  balloon,  from  having  a  little  weight 
representing  the  car  attached  under  it  by  thread* 
from  the  angles,  is  oflen  seen  rising  at  a  street 
corner,  to  the  delight  of  the  boy  who  watches 
it.  Its  rise  depends  upon  eddy  winds  or  currents  ' 
which  the  corner  produces. 

TJie  ascent  qfjlame  and  smoke 

in  our  atmosphere,  affords  other  examples  of  a 
lighter  fluid  rising  in  a  heavier  ;  for  both  these  are 
merely  hotter  air  rising  in  the  midst  of  colder  air. 
The  phenomenon  of  flame  is  produced  when  the 
burning  substance  contains  some  ingredient  capa- 
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ble  of  assuming  the  form  of  air  on  being  heated^ 
and  which  on  ascending,  bums  or  combittes 
with  the  oxygen  of  the  atmosphere,  with  intenaty 
of  action  sufficient  to  produce  a  whitQ  heat. '  It 
is  because  charcoal  and  coke  have  nothing  Tolatili^ 
in  them,  that  they  biun  without  flame  or  smok^ 
appearing  like  red-hot  stones.  The  flame  of  a 
lamp  or  candle  is  merely  the  carburetted  hydMgen 
of  Hie  (xlf  wax,  or  tallow,  allowed  to  bum  aS'  it 
is  disengaged  and  rises.  The  same  gas  is  obtaikied 
by  heating  the  oil,  &c.  in  vessels  which  estdude 
the  atmosphere,  and  prevent  immediate  coifi- 
bustion,  and  then  it  is  the  common  oil  gas  used 
for  illumination. 

Smoke  consists  of  all  the  dust  and  visible 
particles  which  are  separated  from  the  fuel  without 
being  burned,  and  are  light  and  minute  enough 
to  be  carried  aloft  by  the  rising  current  of  heated 
air;  but  all  that  is  visible  of  smoke  is  -really 
heavier  than  air,  and  soon  falls  again  as  powdered 
chalk  does  in  water.  In  the  receiver  of  an  air 
pump,  where  a  candle  has  been  extinguished  by 
exhausting  the  air,  the  stream  of  smoke  that 
continues  to  pour  from  the  wick  after  the  ex- 
haustion, is  seen  to  fall  on  the  pump  plate,  be- 
cause there  is  no  air  to  lift  it, 

Chimnies  quicken  the  ascent  of  hot  air  by  keep- 
ing a  large  quantity  of  it  together.  A  column  of 
two  feet  high  rises  with  twice  as  much  force  as  a 
column  of  one  foot,  and  so  in  proportion  for  aU 
other  lengths ;  just  as  two  or  more  corks  strung 
together,  and  immersed  in  water,  tend  upwards 
with  more  force  than  a  single  cork ;  or  as  a  long 
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spear  of  light  wood,  allowed  to  ascend  perpend 
dicularly  from  a  great  depth  in  water,  acquires  tf 
velocity  which  makes  it  dart  high  above  the  surs- 
face,  while  a  short  piece  of  it  under  the  same 
circumstances   rises  very  slowly.     In  a  chimney, 
one  foot  in  height  of  the  column  of  hot  air,  may 
be  one  ounce  lighter  than  the  same  bulk  of  the  . 
external   cold  air ;    and   if  the  chimney  be  one 
hundred  feet  high,  the  air  or  smoke  in  it  is  pro- 
pelled  upwards   with   a   force    of    one    hundred 
ounces.     In  all  cases,  tlierefore,  the  draught,  as  i 
it  is  called,  of  a  cMmney,  is  proportioned  to  its  I 
length.    The  following  facts  are  consequences  <rf  I 
this  truth. 

In    low  cottages,    and  in  the   upper  floors  of  I 
houses,  the  annoyance  of  smoke  in  the  rooms  is  , 
much  more  frequent  than  where  cliimnies  are 
longer. 

If  there  are  two  fires  in  the  same  room,  or  in 
any  rooms  open  to  each  otlier,  having  chimntei 
of  different  lengths,    if  the  doors  and  window*  J 
are  very  close,  so  that  air  to  supply  the  draughts  ' 
cannot  enter  by  them,  the  taller  chimney  will  over- 
power the  shorter,  and  cause  it  to  smoke  into  the 
room  ;  just  as  the  long  leg  of  a  syplion  overcome* 
the  short  one,  or  as  a  log  of  wood,  lieki  down  iii 
water  by  a  cord  passing  from  it  round  a  piilly  at  j 
the  bottom,  to  a  shorter  log  also  floating,  will  rise*  [ 
and  pull  down  the  shorter  log. 

A  long  chimney,  for  the  reasons  now  explained^  ] 
causes  a  current  of  air  to  pass  through  the  fire 
very  rapidly,  and  more  uniformly  than  any  bel- 
lows   or   blowing    machine,     and    therefore,    for 
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Steam  engine  fires,  and  many  others,  it  is  the 
means  of  blowing  generally  preferred.  The  most 
intense  heat  that  art  can  produce  in  a  furnace  is 
in  that  called  an  air  furnace,  that  is  to  say,  in  one 
blown  by  the  action  of  a  chimney.  Tli^  impor- 
tance of  length  in  a  chimney  explains  the  singular 
appearance  of  some  modem  English  towns,  where 
steam  engines  abound. 

When  we  heap  dying  embers  together,  so  that 
the  hot  air  rising  among  them  may  become  a 
column  of  some  elevation,  this  column  has  the 
effect  of  blowing  them  gently,  and  helps  to  UgM 
them  up  again. 

The  action  or  draught  of  a  chimney  depends  also 
on  the  degree  in  which  the  air  in  it  is  heated^i 
because  tliis  determines  the  dilatation  or  light- 
ness, which  makes  the  air  ascend. 

•  In  what  are  called  open  f^&places^  Boch  as 
those  in  the  sitting  rooms  of  Britain,  a  large 
quantity  of  colder  air  directly  from  the  apart* 
ment  enters  the  chimney  above  the  fire,  and  mixes 
with  the  hot  air  from  the  fire  itself.  This  mixture 
ascends  more  slowly  than  if  the  hot  air  alone  en- 
tered, in  exact  proportion  to  the  degree  of  mix- 
ture. The  effect  of  excluding  a  part  of  this  cold 
air,  is  seen  when  a  board  or  plate  of  metal  is 
applied  across  the  opening  of  the  chimney,  so  as 
to  narrow  the  entrance :  almost  instantly  a  quicker 
action  is  produced,  and  the  fire  burns  as  if  blown 
by  a  bellows.  This  means  is  often  used  to  cure  a 
smoky  chimney,  by  increasing  the  draught,  and 
to  blow  the  fire  instead  of  bellows.    What  is 
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cailed  a  register  stave  is  a  kindred  contrivance.,  j 
Its  chief  peculiarity  is  a  flap  placed  in  the  throati  I 
of  the  chiirmey,  serving  to  widen  or  contract  this  I 
at  pleasure ;  and  because  generally  opened  only)  I 
enough  to  allow  that  air  to  pass  which  rises  directljU  I 
from  the  fire,  the  chimney  receives  only  very  hott  I 
air,  and  therefore  acts  well.  The  register  stov^  I 
often  cures  smoky  chimnies ;  and  by  preventing-.  I 
the  escape  of  the  moderately  warmed  air  of  the:  | 
room,  of  which  so  much  is  wasted  in  a  comratmi  I 
Hre-place,  it  also  saves  fuel.  In  what  arc  calledi  I 
close  fire-places,  as  those  of  steam  engines,  or>  I 
brewers'  coppers,  when  the  furnace  door  is  shut^  I 
no  air  can  enter  the  chimney  but  directly  through)  I 
the  fire :  hence  the  action  of  such  chimnies  iki  1 
very  powerful.  ■,  I 

In  a  room  witli  two  fires,  or  in  drawing-rootn»  | 
communicating    with    each   other,    although    tha  ] 
chimnies  be  of  equal  lengtii,  that  one  over  thes  j 
best  fire  will  act  most  strongly  ;  and  if  tlie  doonft.1 
and  windows  be  so  close,  that  sufficient  air  cannot  I 
enter  by  them  to  supply  both  chimnies,  cold  ait;  J 
will  enter  by  that  one  where  the  weakest  fire  isji  j 
and    the    smoke    from   it  will    spread    into  th*  I 
room.     How  otlen  is  a  meeting  dinner  party  anrf  j 
noyed  by  the  smoke  of  a  back  drawing-room  firft  1 
which  liad  just  been  lighted  before  their  arrival^  . 
and   which    had    therefore    to  contend   with  the^ 
other   chimney,    already   in    powerful  action    all 
the  day.     In  such  a  case,  while  only  one  fire  is. 
lifted,  tlie  cold  chimney  admits  the  air  to  feed 
it,  just  as  an  open  pane  in  the  window  would  do. 
A  room  may  be  so  close  that  air  cannot  find  en- 
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trance ;  in  such  a  case  the  smoke  of  a  fire  there 
must  flow  into  the  room. 

It'  all  the  windows  and  doors  of  a  house  fit  so 

well  as  not  to  admit  air  for  the  acting  chimnies, 

'  tile  supply  comes  down  the  chimnies  that  are  not 

i  in  use.     From   inattention    to  this    fact   many  a 

[  good    chimney    gets    the    reputation    of   being 

[  smoky,  because  on  attempting  to  light  a  fire  in  it 

f  tiie  smoke  at  first  is  always  thrown  back.     The 

!-  truth    is,  that  when  the  servant  begins  to  light 

i  ihe  fire,    there  is    a   downward    current   in    the 

chimney,  which  repels,  of  course,  any  heated  air 

or  smoke  that  approaches  it,    and  spreads  them 

over  the  whole  house ;  but  were  the  servant  to 

*  rfiut  the  room  door  for  a  few  minutes,  so  as  to 
\  cut  off  communication  with  the  other  drawing 
I  chimnies  in  the  house,  and  at  the  same  time  to 

open  the  window,  the  chimney  would  act  at  once-, 
I  and  when  sufficiently  heated,  would  continue  to 
I  act  in  spite  of  the  others,  and  as  well. 

There  are  some  cases  of  smoky  rooms  which 

I  -are  not  so  easily  corrected  as  those  which  we  have 

[  now  mentioned.     When  a  low  house  stands  near 

,  lofty  one,  tlie  wind    being  obstructed  by  the 

f  ktter,  becomes  a  gathering  or  condensation  of  air 

against  the  wall ;  and  if  the  top  of  a  low  chimney 

be  there,  the  compressed  air  enters  it,   and  pours 

downwards.    The  same  happens  occasionally  from 

I  the  proximity  of  trees  or  rocks.     In  such  cases,  to 

I  -avoid  the  influence,  chimnies  are  often  made  very 

•  'Ibfty.    Again,  whenever  from  the  nature  of  build- 

ings, eddies  of  wind  occiy,  as  at  street  comers, 
&c.,  chimnies  do  not  act  regularly.     It  is  pro- 
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verbial,  that-  corner  houses,  or  thase  at  the  ends 
of  a  row,  are  smoky  houses,  and  the  uniformity  I 
of  architecture  is  often  destroyed  by  the  necessity  I 
of  lengthening  theii-  chimnies.  Smoke  is  often  1 
found  descending  into  a  room  where  there  is  I 
no  fire,  when  the  emjity  chimney  is  serving  aS'J 
an  inlet  for  air  to  the  house,  and  the  smoke  oC  I 
a  neigiibouring  chimney  is  passing  closely  over  \ 
the  top  of  it.  I .  i 

In  summer,  when  fires  are  not  in  use,  there  irA 
often  a  strong  smell  of  soot  perceived  in  the  I 
apartments  during  the  whole  of  the  day,  but' J 
which  ceases  at  night.  The  reason  is,  that  during',  1 
the  day  the  chimney  is  colder  than  the  external,  J 
air;  and  by  condensing  the  air  which  enters,  it.J 
causes  a  downward  current  through  the  soot.  | 
During  the  night,  again,  when  the  external  air  I 
becomes  much  colder  owing  to  the  absence  ofj 
the  sun,  the  chimney  is  hot  enough  to  warm;  1 
what  enters,  and  to  cause  an  upward  current,  | 
These  currents  in  chimnies  left  open  during  the  I 
days  and  nights  of  summer,  are  almost  as  regulac  I 
as  the  land  and  sea  breezes  of  tropical  countries. ;,  | 

All  these  remarks  prove  how  important  it  is  to  | 
be  able  to  conceive  clearly  of  the  motions  goin^,  I 
on,  according  to  the  simple  laws  of  matter,  io  i 
the  invisible  air  around  us.  Were  such  subjects*  J 
better  and  more  generally  understood,  many  pre-,.l 
valent  eiTors  in  the  arts  of  life  would  soon  b*  I 
corrected,  and  we  should  have  a  corresponding  .1 
improvement  in  the  comforts  and  health  of  th4t  I 
community.  We  are  filled  with  admiration  on 
discovering  how  perfectly  the  simple  fact  of  a 
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:fighter  fluid  rising  in  aheavier^  provides.'a  ccMi- 
stantly  renewed  supply  of  fresh  air  to  our  fires, 
which  supply  we  should  else  have  to  furnish  by 
the  unremitted  action  of  some  blowing  apparatus; 
.but  the  operation  of  the  law  is  still  more  ad- 
mirable as  respects  the  supply  of  the  same  vital 
fluid  to  breathing  creatures.  The  air  which  a 
-man  has  once  respired  becomes  poison  to  him; 
but,  because  the  temperature  of  his  body  is  higfaeir 
ihan  that  of  the  atmosphere  around  him,  as  soon 
as  he  has  discharged  from  the  lungs  what  has 
once  served,  it  ascends  away  from  him  to  the 
great  purifying  laboratory  of  the  atmosphere, 
and  new  air  takes  its  place.  No  art  or.  labour  of 
his  could  have  done  half  so  well  what  this  simple 
law  unceasingly  and  invisibly  accomplishes,  and 
without  effort  or  attention  on  his  pari ;  and  ih 
his  sleeping  as  well  as  in  his  waking  hours*  < 


*■  I 


The  warming  and  ventilating  of  houses 

is  an  important  art,  founded  chiefly  on  the  fore- 
going considerations,  and  at  present  too  Uttle 
understood,  not  only  by  the  public  at  large, 
but  even  by  medical  practitioners,  whose  manage- 
ment of  disease,  though  judicious  in  other  re- 
spects, is  oflen  rendered  vain  by  error  or  omission 
in  this. 

Excellent  fuel  is  so  cheap  in  Britain,  owing  to 
the  profusion  with  which  beds  of  rich  coal  arc 
scattered  among  the  mineral  treasures  of  this 
favoured  portion  of  the  earth,  .that  a  careless  ex- 
penditure has  arisen ;  which,  however^  instead  of 
securing  the  comfort  and  health  that  might  be 
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expected,  has  led  to  plans  of  warming  that  often 
prove  destructive  of  both.      In   cold  countries, 
where  fuel  is   more    scarce,  as  in    the  north    of 
continental  Europe,  and  where,  to  retain  and  pr&t 
serve  the  heat  once  obtained,  the  inhabitants  usg  J 
thick  walls,  double  windows,  close  joinings  and  | 
close  stoves    or  hre-places,  which  have    no  conl-'  1 
munication  with  the  apilrtments,  but  draw  thei# 
supply  of  air  from  without,  that  the  temperate  I 
air  of  the  room  may  not  be  wasted,-^tbese  means^ 
when  sufficient  ventilation  is  added,  prove  very   I 
favourable    to  health,  by  giving   a  uniform  and 
temperate  warmth,  instead  of  extremes  and  fiuctu-  I 
ations.     But    in   England,  the  apartments,    witit 
their  open  chimnies,  may  be  compared  to  great  ] 
aerial  funnels,  constantly  pouring  out  their  warm  \ 
air  through  a  large  opening,  and    constantly  rfi*-  j 
quiring  to  be  replenished ;  and  where,  from  the  j 
irregularity  of  the  supply  or  of   the    discharget  I 
the  temperature  is  constantly  fluctuating.  '    I 

By  the  close  stove  and  apartment  fuel  is  saved,  ] 
to  a  great  extent — they  also  produce  a  uniforrai^  j 
of  temperature  ;  first,  as  regards  the  different  part*  I 
of  the  room,  so  that  the  occupiers  may  sit  any  | 
where  j  and  secondly,  as  regards  the  different  J 
times  of  the  day ;  for  the  stove  once  heated  in  | 
the  morning,  often  suffices  to  maintain  a  steady  I 
warmth  untU  night ;  the  heat  can  be  carried  t6  J 
any  required  degree,  and  ventUation  is  easily  J 
efiected  as  desired.  '  I 

The  open  fire-place,  again,  wastes  fuel  exceeifi.  I 
ingly,  because  the  chimney  being  large  enough 
to  allow  a  whole  room  full  of  air  to  pass  away 
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by  it  in  two  or  three  minutes^  the  air.  of  the 
room  has  to  be  warmed,  not  once,  but  very 
many  times  in  the  course  of  the  day. — ^The 
temperature  is  made  to  fluctuate  by  the  slightest 
causes,  as  the  opening  a  door,  the  omitting  to 
stir  the  fire,  &c — ^The  heat  is  very  unequal  in 
different  parts  of  the  room,  rendering  it  necessary 
in  general  for  the  company  to  sit  near  the  fire ; 
and  there  they  must  often  submit  to  be  almost 
scorched  on  one  side,  while  they  are  chilly  on 
the  other. — There  is  generally  a  warm  stratum  of 
9ix  above  the  level  of  the  chimney-piece^  sur- 
rounding, therefore,  the  upper  part  of  the  bodies 
of  those  in  the  room,  while  a  cold  stratum  below 
this  envelops  the  sensitive  feet  and  legs* — As  a 
very  rapid  current  is  constantly  ascencUng  in  the 
chimney,  a  corresponding  supply  must  be  entering 
somewhere ;  and  this  arrives  by  the  crevices  and 
defects  in  the  doors,  windows,  floors,  &c.  Now 
there  is  nothing  more  dangerous  to  health  than  to 
sit  near  such  inlets,  as  is  proved  by  the  rheuma- 
tisms, stiff  necks,  and  catarrhs,  not  to  mention 
more  serious  diseases,  which  so  frequently  follow 
the  exposure.  There  is  an  old  Spanish  proverb, 
thus  translated, 

."  If  cold  wind  reach  you  through  a  hole,   . 
Go  make  your  will,  and  mind  your  soul." 

which  is  scarcely  an  exaggeration. 

Consumption  is  the  disease  which  carries  off  a 
fifth  or  more  of  the  persons  born  in  Britain,  owing 
in  part,  no  doubt,  to  the  changeableness  of  the 
climate,  but.  much  more  to  the  faulty  modes  of 
warming  and  ventilating  the  houses.     To  judge 
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of  tlie  influence  of  temperature  in  producing  this  . 
disease,  we  may  consider — that  miners  who  live^ 
under  ground,  and  are  always,  therefore,  in  the^ 
same  temperature,  are  strangers  to  it;  while  their*^ 
brothers  and  relations,  exposed  to  tlie  vicissitudeS^An 
of  the  weather  above,  fall  victims — that  butchers*^ 
and  others  who  live  almost  constautly  in  the  opeft^ 
air,  and  are  hardened  by  tiie  exposure,  enjoy*« 
nearly  equal  immunity — that  consumption  i8><f 
hardly  known  in  Russia,  where  close  stoves  andnfl 
houses  preserve  a  uniform  temperature — and  that  «A 
in  all  countries  and  situations,  whether  tropical,  »M 
temperate,  or  polar,  the  frequency  of  the  disease  oB 
bears  relation  to  the  frequency  of  change.  We  ■  M 
may  here  remark  also,  that  it  is  not  consumption  ul 
alone  which  springs  from  changes  of  temperature,  ■•m 
but  a  great  proportion  of  acute  diseases,  and  parti-  *■ 
cularly  of  our  common  winter  diseases.  In  how  1 
many  cases  has  the  invalid  to  remark,  that  if  he  «l 
had  not  taken  cold  in  such  a  place,  or  on  such  Ul 
an  occasion,  he  might  yet  have  been  well.  «fl 

WbUe  temperature  is  thus  so  frequently  an  origi-  ul 
nal  cause  of  disease,  it  is  also  a  circumstance  of 'll 
the  very  highest  importance  in  the  treatment,  as  is  ^ 
proved,  by  every  fact  bearing  tipon  the  question.  tM 
It  may,  therefore,  at  first  seem  extraordinary,  -M 
that  it  should  be  so  negligently  and  unskdifully  -J 
controlled  as  we  often  see  it,  and  that  disease  and  <■ 
death  should  be  allowed  thus  to  lurk  almost  undis-  ■ 
turbed  in  the  sanctuaries  of  our  homes  -,  but  when  iM 
we  reflect  on  the  subtile  and  invisible  nature  of  ^^ 
air  and  heat,  and  that  the  science  which  detects  ' 
their  agencies  lias  been  hitherto  so  little  an  object 
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of  general  study,  and  indeed  is  of'  modem  dis« 
covery,  the  fact  is  accounted  for. 

In  England,  t;he  open  fireplace  for  eommon 
dwdlings  is  so  generally  in  use,  and  the  cheerful 
blaze  is  thought  so  essential  to  the  happiness  of 
our  winter  days  and  long  evenings^  that  it  would 
be  difficult  to  persuade  to  the  abandonment  of 
it ; — and  perhaps,  when  the  subjects  Which  we 
are  now  discussing  come  to  be  better  and  mca:e 
generally  understood,  it  will  be  found  that,  with 
close  flooring,  and  better  or  double  windows^  and 
doors  that  fit  well,  and  register  stoves^  and  good 
general  management,  the  open  Are  may  be  Ten^ 
dered  almost  as  efficient  for  warmings  and.as  safe 
to  health,  as  any  othei'  contrivance. 

The  following  considerations  present  themselves 
ill  this  place. — Small  rooms  in  winter  are  mor^ 
dangerous  to  health  than  large  ones,  because  the 
cold  air,  entering  towards  the  fire  by  the  doors  or 
windows,  reaches  persons  before  it  can  be  tem- 
pered by  mixing  with  the  warmer  air  of  the 
room. — Stoves  in  the  halls  and  staircases  are  use- 
ful, because  they  warm  the  air  before  it  enters 
the  rooms ;  and  they  prevent  the  hurtful  chills 
often  felt  on  passing  through  a  cold  staircase 
from  one  warm  room  to  another. — It  is  important 
to  adhiit  no  more  cold  air  into  the  house  than  is 
just  required  for  the  fires,  and  for  ventilation; 
hence  there  is  great  error  in  the  common  practice 
of  leaving  all  the  chimnies  that  are  not  in  use, 
quite  open ;  for  each  admits  as  much  air  as  a  hole 
in  the  wall  would  do,  of  a  pane  deficient  in  a 
window. — Perhaps  the  best  mode   of  admitting 


air  to  feed  the  fires  is  throngli  tubes,  leading 
directly  from  the  outer  air  to  the  fire-place,  and 
provided  with  what  are  called  throttle  valves,  for 
the  regulation  of  the  quantity :  or  the  fresh  air 
admitted  by  tubes  may  be  made  first  to  spread  in 
the  room,  having  been  warmed  during  its  passage 
inwards,  by  coming  near  the  fire. — In  a  perfectly 
close  apartment,  ventilation  must  be  expressly 
provided  for  by  an  opening  near  the  ceiling,  to 
allow  the  impure  air  rising  from  the  respiration  of 
the  company  to  pass  away  at  once;  but  with  an 
open  fire,  the  purpose  is  effected  by  the  frequent 
change  of  the  whole  air  of  the  room  which  that 
construction  occasions. 

With  a  view  to  have  the  most  perfect  security 
against  cold  blasts  and  fluctuation  of  temperature 
in  rooms  intended  for  invalids,  and.  still  to  retain 
the  30  much  valued  appearance  of  the  open  fi«v 
a  glazed  frame  or  window  may  be  placed  at  the  en- 
trance to  the  chimney,  so  as  completely  to  prevent 
the  passage  of  air  from  the  room  to  the  fire.  The 
close  room  will  then  be  warmed  by  tlie  fire  through 
the  glass,  as  a  green-house  is  warmed  by  the 
rays  of  the  sun.  It  is  true,  tliat  the  lieat  of 
combustion  does  not  pass  through  glass  so  readjly 
as  the  heat  of  tlie  sun ;  but  the  difference  is 
not  im])ortant.  The  glass  of  such  a  window 
must,  of  course,  be  divided  into  small  panes,  and 
supported  by  a  metallic  frame-work ;  and  there 
must  be  a  flap  or  door  in  the  frame-work,  for  the 
purposes  of  admitting  the  fuel  and  stirring  tlie 
fire.  Air  must  be  supplied  to  tlie  fire  as  described 
above,  by  a  tube  leading  directly  from  the  exter- 
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nal  atmosphere.      The  ventilation    of  tlie   nooin 

y  be  efi'ecteii  by  an  opening  into  the  chimney 

[  Bear  the  celHng  j    aiid  tlie  temperature  niay  be 

I  Hegulated  with  gieat  precision  by  a  valve  placed 

t  in  this  opening,  and  made  to  obey  the  dilatation 

f  and  contraction  of  a  piece  of  wire  afKxed  to  it, 

the  exact  length  of  which  at  any  time  will  depend 

on  the  temperature   of  the  room. — The  author 

[  first  imagined  snch  an  arrangement  of  rooms  for 

I  flieunnter  residence  of  a  person  who  was  tlireaten- 

[  ed  with  consumption  ;  and  the  happy  issue  of  the 

case,  and  of  otliers  tieated  on  similar  principles, 

has  led  him  to  doubt,  whetlier  many  of  the  patients 

t  with  incipient  consumption,  who  are  usually  sent 

I  to  warmer  climates,  and  who  die  there  after  hard- 

I  ships  on  the  journey,  and  mental  chstress  from  the 

banishment  st-fficient  to  shake  even  strong  health, 

night  not  be  saved,  by  judicious  treatment  in 

L  properly  warmed  and  ventilated  apartments,  under 

I  jheir  own  roofs,  and  in  the  midst  of  affectionate 

I  Mndred. — And    if   a  boy   be    almost    certainly 

I  secured  from  consumption  by  becoming  a  miner 

j  or  a  butcher,  may  we  not  hope  that,  when  all 

I  the  influencing  circumstances  come  to  be  better 

I  ttnderstood,    something   of    the   same   immunity 

I  may  be  obtained  for  persons  in  all  tlie  professions 

and  conditions  of  civilized  society? 

It  must  not  be  supposed  that  the  remarks  made 
in  tliis  section  go  near  to  exhaust  the  very  important 
subject  of  temperature  as  affecting  health.  The 
questions  of  clothbig,  of  hot  and  cold  bathing,  of 
exercise,  and  others,  equally  belong  to  it,  but  the 
consideration  of  them  falls  under  other  depart- 
ments. 
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Winds  or  currents  in  the  atmospliere 

are  also  phenomena,  in  a  great  measure  dependent 
on  the  law  of  Hghter  fluids  rising  in  heavier  ones. 
As  oil  let  loose  under  water  is  pressed  up  to  the 
surface  and  swims,  so  air  when  heated  by  the 
sun,  is  raised  to  the  top  of  the  atmosphere,  and 
spreads  there,  whUe  the  heavier  air  around  rushes 
inwards,  and  constitutes  wind.  The  cross  ciurents 
in  the  atmosphere  are  often  rendered  evident  hy 
the  motion  of  clouds  or  balloons. 

If  our  globe  were  at  rest,  and  the  sun  werfi^  J 
always  acting  directly  over  the  same  part,  the  |1 
earth  and  air  under  him  would  become  exceedi^l 
ingly  heated,  and  tlie  air  woidd  be  constantly^ 
rising  like  oil  in  water,  or  like  the  smoke  from  ijk 
great  fire  j  wliile  there  would  be  currents  or  winds.^l 
in  all  directions  below,  towards  the  central  spot;  ^1 
But  the  earth  is  constantly  whirling  under  the,.  I 
sun,  so  that  the  whole  equatorial  belt  may  b^fl 
called  the  sun's  place ;  and  therefore,  according;! 
to  the  principle  just  laid  down,  there  should  be  a,  I 
constant  rising  of  air  over  this  belt,  and  constant-,  I 
currents  from  the  two  sides  of  it,  or  the  north;  ■  I 
and  south,  to  supply  the  ascent  Now  this  plie*_l 
nomenon  is  really  going  on,  and  has  been  goings  I 
on  since  the  beginning  of  the  world,  producing^! 
tlie  steady  winds  of  the  northern  and  southern  1 
hemispheres,  called  trade  winds,  on  which  mariners  I 
reckon  almost  as  they  do  on  the  rising  and  setting ,  1 
of  the  sun  himself.  These  winds,  however,  do  not  I 
appear  on  the  earth  to  be  directly  north  and  south,  ■ 
as  they  are  in  fact,  because  its  eastward  whirling   I 
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or  diurnal  rotation,  causes  a  wind  from  the  north 
to  appear  as  coming  from  the  north-east,  and  a 
wind  from  the  south  as  coming  from  the  south- 
east :  just  as  to  a  man  on  a  galloping  horse,  a 
calm  appears  to  be  a  strong  wind  in  his  face, 
and  if  he  be  riding  eastward  in  a  north  or  south 
wind,  such  will  appear  to  him  to  come  from  the 
north-east  or  south-east. 

Thus  also,  if  a  small  gjobe  be  made  to  tiun 
upon  a  perpendicular  axis,  and  a  ball  be  allowed 
to  roll  from  the  top  of  it  downwards,  or  a  little 
water  be  poured  in  the  same  direction,  the  ball 
or  water  will  not  immediately  acquire  the  whirling 
motion  of  the  globe,  but  will  fall  almost  directly 
downwards ;  and  if  the  track  be  marked  upon 
the  globe,  it  will  not  appear  as  a  direct  line  from 
north  to  south,  but  as  falling  obliquely ;  and  if 
the  globe  be  moved  in  the  direction  of  our  earth, 
the  line  will  be  from  north-east  to  south-west. — It 
is  thus  the  whirling  of  the  earth  which  causes  the 
oblique  and  westward  direction  of  the  trade  winds, 
and  not,  as  has  often  been  said,  the  sun  drawing 
them  after  him. 

Beyond  the  tropics,  where  the  heating  influence 
of  the  sun  is  less,  the  winds  occasionally  obey 
other  causes,  which  have  not  as  yet  been  fully 
investigated.  They  are  hence  much  less  regular, 
and  are  called  variable.  But  still  as  a  general 
rule,  whenever  air  is  coming  from  the  north  or 
south  poles  where  it  was  at  rest,  it  must  for  a 
time  have  the  appearance  of  an  east  wind,  or  a 
wind  moving  in  the  contrary  direction  to  the 
earth  itself,  until  it  has  gradually  acquired  the 
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whirling  motion  of  tliat  part  of  tiie  surface  of 
the  earth  on  wliich  it  is  found  ;  and  again,  when 
ail-  is  moving  from  the  equator,  where  it  had  at 
iast  acquired  nearly  the  same  motion  as  the  earth, 
oo  reaching  parts  nearer  the  poles,  and  which  have 
less  eastward  motion,  it  continues  to  run  faster 
than  these  parts,  and  becomes  a  west  wind.  North 
of  the  equator,  therefore,  on  earth,  true  north 
winds  ap})ear  north-east,  and  true  south  winds 
appear  south-west; — and  these  ai*e  the  two  winds 
wlucli  hlow  in  England  tor  three  hundred  days  of 
every  year.  In  southern  climates  the  converse  is 
■  true. 

While  the  sun  is  beaming  directly  over  a  tropi- 
cal island  he  warms  very  much  the  surface  of  the 
soil,  and  the  air  over  it,  while  the  rays  which 
ikll  upon  the  ocean  around  penetrate  deep  into 
the  mass,  and  are  there  absorbed.  The  con- 
sequence is,  that  there  is  a  rapid  ascent  of  air 
over  the  island  during  the  day,  and  a  cool  wind 
blowing  towards  its  centre  from  all  directions. 
This  wind  constitutes  the  refreshing  sea-breeze  of 
tropical  islands  and  coasts.  One  must  have  been 
among  these  to  conceive  the  delight  which  the 
sea-breeze  brings  after  the  sultry  stagnation  which 
precedes  it.  The  welcome  ripple  shorewards  is 
first  perceived  on  the  sui-face  of  a  glassy  or  pei*- 
fectly  smootii  water ;  and  soon  the  whole  face  of 
the  sea  is  whitened  with  Httle  curling  waves, 
among  wliich  the  graceful  canoe  shoots  smftly 
along.  I ' 

During  the  night  an  opposite  phenomenon  takes 
place.  The  surface  of  the  earth,  now  no  longer  rc- 
2  f  1 
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ceiviiig  tlie  sun's  rays,  is  soon  cooled,  while  the  sea 
I'vhich  was  heated  in  the  day,  not  on  the  surface 
LiHiIy,  but  through  its  whole  mass,  continuei^  to 
Hnve  out  heat  all  night.     The  consequence  is,  that 
Itfie  air  over  tlie  earth  being  colder  than  that  over 
l.ihe  sea,  sinks  down,  and  spreads  out  on  all  sides, 
land  becomes  the  land-lnvese  of  tropical  climates. 
'  This  wind  is  often  charged  with  unhealthly  ex- 
lialations  from  the  marshes  and  forests,  while  tJie 
sea-breeze    is   all    purity   and    frealmess.      Many 
islands  and  coast<j  would  be  absolutely  uninhabit- 
able but  for  the  latter. 

The  unequal  distribution  of  land  in  the  eastern 
part  of  tlie  globe,  has  produced  the  curious  eflbct 
I  there  of  a  sea-breeze  of  six  months,  and  a  land- 
breeze  of  six  months.     The  great  continent  of 
I  Asia  is  chiefly  north  of  the  line,  and  during  its 
I  summer  the  air  over  it  is  so  much  heated,  that 
I  there  is  a  constant  steady  influx  from  the  south 
I  (appearing   south-west,    for  the   reason  given  in 
I  the  last  page) ;    and  during  its  winter  months, 
I  while  the  sun  is  over  the  southern  ocean,  there 
is  a  constant  land-breeze  from  the  north  (appear- 
ing, for  a  like  reason,  north-east).     These  winds 
axe  called  monsoons  ;  and  if  their  utility  to  com- 
[  merce  were  to  be  a  reason  for  a  name,  they  also 
deserve  the  name  of  trade  winds.   In  eaily  periods 
I  iof  navigation,   these  winds  sei-ved  to  the  mariner 
I  the  purpose  of  compass,  as  well  as  of  moving 
I  power ;    and  one  voyage   outward,    and   another 
I  homeward,  with    the  changing   monsoons,    tilled 
up  the  year. 

Tlie  frightful  tornadoes,  or  whirlwinds,  which 
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sometimes  devastate  whole  regions,  and  make  vie* 
tims  of  every  ship  or  bark  caught  on  the  watery  ' 
and  the  sudden  gusts  or  squalls  met  with  every^  i 
where,  are  owing  to  some  sudden  chemic^  j 
changes  in  tiie  atmosphere,  which  are  not  yet  \ 
fully  understood. 

T/ie  Pneumatic  trough  and  gasometer 

of  the  chemist,  are  contrivances  founded  on  the  i 
law  now  under  consideration,  that  a  lighter  fluid  lA  \ 
pushed  up  or  floats  in  a  heavier.  They  are  the  chief! 
parts  of  his  apparatus  for  operating  on  the  differentT 
substances  while  in  the  form  of  air. 

A  trough  a  may  be  made  of  tin  plate  or  wood,'  j 
and  of  any  convenient  size.     It  is  nearly  filled  I 
with  water,  and  has  at  one  end,  a  little  under  the'J 
surface  of  the  water,   a  shelf,  on  which  jars  of  ] 
vessels,  as  b  and  c  may  rest.  I 
Any   particular   air    or  gaa 
may  be  preserved    separate 
from  the  atmosphere,  by  be- 
ing placed  in  one  of  these 
jars  with  the  mouth  down- 
wards.    It  may  be  passed 
into  the  jar  by  first  immers- 
ing this  in  the  trough,  so  as 
to  fill  it  with  water  and  to  expel  the  common  air 
from  it ;  and  by  then  iiokUng  the  mouth  over  the 
air  or  gas  as  it  rises  under  the  water  from  another 
vessel  or  pipe,    d  represents  a  long-necked  vessel, 
used   for   the    production    of  gases  by    chemical 
action.     The  gas  of  course  rises  to  the  top  of  the 
jar  b,  and  gradually  displaces  the  water.     During 
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the  operation  of  filling,  the  jar  may  be  resting 
upon  the  shelf  with  only  the  mouth  immersed, 
and  then  the  air  may  be  allowed  to  rise  into  it 
through  a  hole  in  the  shelf,  provided  with  a  small 
funnel  opening  downwards  to  catch  the  air  more 
readily.  On  the  shelf  there  may  be  room^  -for 
many  jars,  and  it  may  have  more  holes  than  one ; 
and  if  the  gas  under  operation  be  one  which 
water  al)sorbs  or  changes,  some  other  liquid^  as 
mercury,  may  be  used  instead  of  water. 

A  gasometer  or  gas-holder^  is  merely  a  larger  jar 
or  vessel  a,  with  its  mouth  downwards  in  water, 

in  a  trough  of  its  own  shapes 
Ac,  just  large  enoughs  to 
receive  it,  and  the  veissel 
being  supported  or  counter- 
poised by  a  weight  rf,  over 
pullies,  so  that  very  little 
force  may  suffice  to  move 
it  up  or  down.  When  air 
is  forced  into  it  through  a 
pipe  f  opening  under  it,  it 
rises  or  floats  in  proportion 
to  the  quantity.  The  air  is  made  to  pass  from  it 
again  when  wanted,  through  the  same  or  through 
another  tube,  as  e. 

The  huge  gasometers,  exceeding  in  size  an 
ordinary  house,  which  contain  the  supply  of  gas 
for  the  lamps  of  a  town,  are  vessels  suspended  in 
this  manner,  in  great  pits,  or  in  troughs  constructed 
of  pieces  of  cast-iron,  and  filled  with  water.  The 
gas  issues  with  force  proportioned  to  the  downward 
presstire  of  the  containing  vessels,  which  is  very 
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nicely  regulated  in  a  variety  of  ways,  and  generally 
so  as  to  be  equal  to  the  action  of  a  column  of  | 
water  of  two  inches  in  height. 

It  would  be  encroaching  on  the  prox'ince  of  tlrt  | 
chemist  to  describe  here  particularly  the  substances  j 
which  most  usually  exist  in  the  aerifonn  state ;  i 
but  to  give  an  increased  interest  to  this  descrip*'  J 
tion  of  gas  apparatus,  a  few  leading  facts  may  be  I 
mentioned. 

Tlie  water  used  to  fill  the  apparatus  is  a  com*  i 
pound  of  two  substances,  which  in  their  uncom*  I 
bined  state,  and  under  common  circumstances  of  | 
heat  and  pressure,  exist  as  airs  or  gases.  These  J 
are  OTtjgen  and  hydrogen.  By  directing  an  cleo*  j 
trical  current  through  water,  it  is  gradually  dew  1 
composed,  and  from  one  end  of  a  tube  a  stream  I 
of  aeriform  oxygen  may  be  received,  and  from  the  J 
other  end  a  stream  of  hydrogen.  These  gases  I 
may  be  again  united  to  fonn  water,  by  mixing  1 
them  in  a  proper  vessel,  and  then  passing  aa  J 
electric  spaik  through  them.  Tliey  combine  witb  J 
explosion. 

Tlus  oxygen,  so  called  from  its  relation  to  acidai  ' 
has  been  accounted,  for  many  reasons,  the  most 
important  substance  in  nature.  It  forms  eight- 
ninths,  by  weight,  of  the  ocean ;  one-fourth  of 
the  atmosphere ;  and,  perhaps,  one-fourth  of  the 
solid  matter  of  tlie  globe ;  and  possibly,  therefore, 
there  is  not  a  millionth  part  of  the  quantity  of 
oxygen  in  the  world,  existing  as  air.  It  unites 
readily  with  most  other  substances,  and  generally 
with  such  intense  action  as  to  produce  the  pheno- 
menon oi'  tire  or  combustion  : — the  word  combus- 
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libk  chiefly  a]iplies  to  a  substance  that  will  quickly 
combine  with  oxygen. 

Oxygen  singularly  changes  the  character  of 
the  things  witJi  which  it  combines.  Thus  with 
hydrogen,  it  forms  water  ;  with  lead,  it  forms  the 
substance  called  red-lead ;  with  nitrogen,  in  one 
proportion,  it  forms  atmospheric  air;  in  another 
proportion,  the  nitrous  oxide,  or  wliat  is  called 
the  laughing  gas ;  in  a  third,  the  acid  called 
aqtiafi»'lis ;  with  sulphur,  it  forms  the  sulphuric 
acid  or  oil  of  litriol ;  with  iron,  and  all  metals,  it 
forms  their  ores  called  oxides  j  and  so  forth. 
But  the  most  important  character  by  far  in  which 
it  appears,  is  as  that  ingredient  of  our  atmosphere, 
without  wliich  animals  and  vegetables  cannot  Hve, 
and  fire  cannot  burn.  Oxygen  was  long  named 
vital  or  pure  air. 

Pure  oxygen  in  the  state  of  air  is  a  little  heavier 
than  common  air;  but  when  combined  with  char- 
coal, it  forms  the  aeriform  carbonic  acid,  which  is 
twice  as  heavy  as  common  air>  and  maybe  poured 
out  of  one  vessel  into  anotlier  like  water.  This 
is  what  issues  from  soda-water,  brisk  ale,  cham- 
paigne,  &c.  If  drawn  into  the  lungs  in  breathing, 
it  is  fatal  to  life.  A  charcoal  fire  left  in  a  close 
room  with  sleeping  persons,  often  kills  them,  be- 
cause carbonic  acid  gas  is  the  product  of  the 
combustion.  The  famous  Grotto  del  Cane  in 
Italy,  is  a  cavern  always  full  of  carbonic  acid, 
which  springs  into  it  from  below,  as  water  springs 
into  a  well,  and  runs  over  like  water  from  a  well. 
It  received  its  name  from  dogs  being  thro^vn  into 
it  to  die.     Carbonic  acid  rising  in  fermentation 
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lias  often  proved  fatal  to  persons  leaning  over  the 
edge  of"  fermenting  vats.     It  is  common  to  see  a  i 
rat  die  instantly,  in  the  attempt  to  run  along  a.  *i 
plank  that  lies  across  tlie  mouth  of  a  fermenting  j 
tub. 

Hydrogen,  the  other  ingredient  of  water,  and*! 
so  called  from  its  relation  to  water,  when  in  the  ^ 
state  of  air,  is  nearly  fifteen  times  lighter  than  J 
oxygen  :  with  it  balloons  are  filled.  By  dissolving  | 
a  certain  quantity  of  carbon  or  charcoal,  it  be- 
comes the  common  gas  used  for  illumination  :  it  ^ 
is  the  fire-damp  of  mines,  of  which  tlie  burning  * 
and  explosion  is  so  terrible.  It  forms  one-ninth 
of  the  ocean,  and  much  of  animal  and  vegetable  1 
bodies ;  and  probably  a  little  of  it  floats  separately  1 
in  the  higher  regions  of  the  atmosphere. 

Nitrogen,  so  called  from  its  relation  to  nitric  i 
acid,  is  the  third  and  last  substance  which  ■ 
shall  mention.  It  is  what  remains  of  the  atmo-  i 
sphere  when  the  oxygen  is  removed.  It  forma  V 
about  three-fourths  of  the  atmosphere,  one-fourth  1 
of  animal  flesh,  and  is  found  in  small  quantities  1 
in  other  combinations.  It  will  not  support  Ufe  by  i 
itself,  and  therefore  formerly  was  called  azote:  < 
with  a  larger  proportion  of  oxygen  it  forms  nitrk  i 
acid,  or  the  agunfo/'/is  of  old. 

The  last  few  paragraphs  shew  how  completely  1 
the  performance  of  the  manipulations  of  chemistry  1 
is  founded  upon  physics  or  mechanical  philosophy, 
and  therefore    how  essential  to  the  chemist  the  I 
preliminary  study  of  physics  becomes. 
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SECTION  III.— HYDRAULICS— PHENOMENA  OF  FLUIDS 

IN  MOTION. 


ANALYSIS  OF  THE  SECTION. 

Whether  the  particles  of  matter  exist  in  thejbrm  of  solid  orjkadj 
the  drcunutance  does  not  at  all  affect  their  properties  of  iv^kti a 
and  GRAVITY.  Hence  liquids  and  airs,  in  proportion  to  their 
quantity,  resist,  receive,  and  impart  motion,  and  havegra" 
^y»  Jt^  ^  ^  ^'t^  of  solids.    This  is  proved  by  the  phenomena 

of    . 

1.  Fluids  moving  in  pipes  and  channds,  or  issuing  Jrom  thewu 

2.  Wanes. 

3.  Fluids  resisting  the  motion  of  bodies  immersed  in  them ;  or 
themselves  moving  against  other  bodies. 

4.  Fluids  lifted  or  moved  in  opposition  to  gravity. 


"  Fluids  moving  in  channels  or  issuing  Jrom  ihemT 

Water  in  a  tube,  connected  with  a  reservoir, 
will  rise  to  the  level  of  the  liquid  surface  in  the 
reservoir.  If  the  tube  be  then  cut  off,  except  a 
small  part  at  the  bottom,  left  and  prepared  as  a 
jet  pipe,  the  water  will  spout  from  this,  still  to  the 
same  height.  Now,  as  a  body  shot  upwards  has 
the  same  velocity  in  departing  which  it  again 
acquires  by  falling  to  the  same  place  (with  a  little 
correction  for  the  resistance  of  the  air),  it  appears 
that  fluids  issue  from  orifices  with  the  velocity  in 
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each  CISC  which  a  hody  acquires  in   falling  as 
far  as  from  the  surface  in  the  reservoir  to  the-d 
orifice.     By  referring  then  to  the  law  of  falling  J 
bodies,    as  explained  at  page  80,  we  leara  the  1 
velocity  of  the  issue  of  water  in  any  case,  and  4 
tiierefore  the  quantity  deUvered  hy  an  opcntngi 
of  a  given  magnitude.     A  hody  by  gravity  falb  j 
sixteen  feet  in  the  first  second,  and  at  the  end  i 
this  has  a  velocity  of  thirty-two  feet  per  second^.l 
Therefore  a  reservoir  with  an  opening  of  an  inch  I 
ttqiiare,  at  sixteen  feet  below  the  water's  surface^  I 
will  deliver  thirty-two  cubic  inches  in  one  second  J 
of  time,  (with  a  certain  deduction  for  friction)^  [ 
and  according  to  the  same  rule,  an  opening  at  I 
four  times    the  depth   should   deliver   a  doubltl 
quantity ;  at  nine  times  the  depth,  a  triple  quantity.;.  J 
and  so  on ;  as  really  liappens.     At  first,  an  iib.  J 
quirer  is  surprised  that  the  quantity  should  not"! 
ho  quadruple,  where  the  pressure  forcing  it  out  ' 
is  quadruple ;  but  on  reflection,  he  understands, 
that    the  water  by  running  away  more  quickly 
from  a  pressure,  is  less  affected  by  it.     Because 
a  body  shot  upward  with  a  double  velocity  gains 
a  quadruple    height,    the  jet    issuing  with  only 
double  velocity  from  four  times  the  depth,  still 
reaches  the  level  of  the  surface  of  the  reservoir. 

The  knowledge  of  this  rule  is  of  the  greatest 
importance  in  the  construction  of  water-works, 
because  when  joined  with  another  rule  which 
assigns  the  effect  of  friction  in  jiipes,  it  ascertains 
the  quantity  of  water  which  a  conduit  of  a  cer- 
tain magnitude  will  deliver  from  any  given  dis- 
tance and  elevation. 
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It  is  u  curious  fact,  that  more  water  issues  from 
a  vessel  througli  a  short  pipe,  than  through  a 
simple  aperture  of  the  same  diameter  with  the 
pipe ;  and  still  more  will  come  if  the  pipe  be 
funnel-shaped,  or  wider  towards  its  inner  ex- 
tremity. The  reason  is,  that  the  issuing  particles 
coming  from  all  sides  to  escape,  cross,  and  impede 
each  other  in  rushing  through  a  simple  opening, 
as  is  proved  by  tlie  narrow  neck  which  the  jet 
'  exhibits  a  little  beyond  it  But  in  a  tube,  this 
I  narrowing  of  the  jet  cannot  happen  without 
leaving  a  vacuum  around  the  part,  and  the  pres- 
sure of  the  atmosphere,  resisting  this,  causes  a 
quicker  flow.  The  funnel-shajw  leads  the  water 
i)y  amore  gradual  inclination  to  the  point  of  exit, 
»nd  still  farther  prevents  the  crossing  among  the 
I  articles. 

The  fiiction  or  resistance  which  fluids  suffer  in 
I  ^ssing  along  pipes  is  much  greater  than  might 
[  he  expected.  An  inch  tube  of  two  hundred  feet 
[  in  lengtii,  discharges  only  one-fourtli  part  of  the 
I  -water  which  would  escape  directly  from  the  re- 
I  tflervoir  ;  and  air  passing  along  tubes,  is  so  much 
I  retarded,  that  when  gas-lights  were  first  proposed, 
[  faome  engineers  feared  that  tliis  circumstance 
■would  be  fatal  to  the  enterprize. 

Higher  temperature  in  a  hquid  increases  re- 
I  anarkably  the  quantity  discharged  by  a  jjipe  or 
\  ©rifice  J  because  it  diminislies  that  cohesion  of 
l^e  particles  which  is  found  in  certain  degrees 
I  in  ail  liquids,  and  which  affects  so  much  their 
-internal  movements. 

The  progress  of  water  in  an  open  conduit,  such 
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as  the  chamielof"  a  river  or  aqueduct,  is  influenced 
by  friction  in  the  same  manner.  A  river  drawingt.! 
its  waters  from  an  elevation  of  1,000  feet  abovel'll 
the  level  of  the  ocean,  would  pour  them  out,  but ."" 
for  tlie  resistances  in  the  channel,  with  the  velocity^  'J 
of  water  issuing  from  tlie  bottom  of  a  reservoiiv'I 
1,000  feet  deep ;  that  is,  at  the  rate  of  abouil'-l 
170  miles  per  hour.  The  ordinary  flow  of  rivenr,  T 
is  about  tliree  miles  per  hour,  and  their  clianneltin 
slope  three  or  four  inches  per  mile. 

The  velocity  of  a  water  current  is  easily  ascer* 
tained  by  immersing  in  it  the  end  1 
of  such  a  tube   as  here    representeii 
with  its  funnel-shaped  mouth    turned^ 
1  towards  the  stream.     The  water  in  thotj 
'tube  will   stand  above  tlie  surface  oSl^ 
the  stream,  as  at  a,  and  the  vel 
of  an    issue  from    a    reservoir   corre-.j 
spending  to  that  height,  as  explained  in  page  403,rt 
will  be  the  velocity  of  the  current.     A  simila] 
contrivance  may  be  made  to  measure  the  velocity 
of  the  wind,  by  having  the  angle  of  the  tube  at  4 
c  bent  further  down  and  filled  with  water. 

The  friction  of  water  moving  in  water  is  s».f 
great,  that  a  small    stream    directed    tluongh  ; 
pool,  and  rapid  enough  to  rise  over  the  oppo8ita^ 
bank,  will  soon  empty  the  pool.     Extensive  fena4 
have  been  drained  on  this  principle.    The  frictioH'i 
between  air  and  water  is  also  singularly  strong,  a»ij 
is  proved  on  a  great  scale  in  the  magnitude  of  th*. 
ocean  waves  produced  by  it;  and  on  a  small  a 
in   the  amusing    experiment    of  making  a  light 
round  body  dance  or  play  upon  the  summit  of  a 
•2  D 
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jet  of  water;  a  chief  cause  of  its  remaining  there 
I  being,  that  the  current  of  air  rising  around  the  jet 
I  by  reason  of  the  friction,  presses  it  inwai-ds  again, 
whenever  it  inclines  to  fall  over.  A  little  oil 
thrown  upon  the  surface  of  water  soon  spreads 
hm  a  thin  film  all  over  it,  and  defends  it  from  the 
[  ferther  contact  of  air.  If  lliis  can  be  done  at  the 
[■windward  side  of  a  pond  where  the  waves  begin, 
I  "the  whole  surface  soon  becomes  as  smooth  as 
I  glass  ;  and  even  out  at  sea,  where  of  course  the 
i  eommencement  of  the  waves  cannot  be  reached, 
[  ml  thrown  upon  them  smooths  their  surface,  and 
I  prevents  their  curling  over  or  breaking. 

A  common  mode  of  telling  the  velocity  of  an 
[open  stream,  is  to  note  with  a  stop-watch  the  pro- 
I  gress  of  a  body  floating  iu  it ;  and  knowing  the 
l-Telocity  of  the  water,  and  the  depth  and  width 
I  of  the  channel,  the  quantity  delivered  in  a  given 
I  time,  becomes  a  matter  of  simple  calculation. 
r-The  speed  of  the  wind  is  found  by  measuring  that 
I  uf  the  shadow  of  a  cloud  passing  across  a  field. 

The  flux  of  water  through  oriflces  under  uniform 

^circumstances  is  so  steady,  that  before  the  invention 

of  clocks   and    watches,    it  was  employed  as  a 

means  of  dividing  time.    The  vessels  were  called 


The  most  magnificent  examples  that  ever  ex- 
isted, or  probably  ever  wUl  exist,  of  artificial 
watercourses,  were  the  aqueducts  of  ancient 
rRome,  about  twenty  in  number.  Several  of 
l&em  exceeded  forty  miles  in  length;  they  passed 
*  through  mountains,  and  were  borne  on  tiers  of 
splendid  arches  across  the  vaUies.     They  were 
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constructed  witli  such  materials  and  so  akilllully^ 
that  the  cliief  of  them  are  perfect  to  this  day. 
Considered  as  one  object,  they  rank,  in  point  of 
grandeur,  before  any  other  work  of  human  art, 
not  excepting  the  pyramids  of  Egypt. 

While  the  aqueducts  are  cited  as  specimens  of 
grandeur,  we  may  mention  the  fountains  in  the 
gardens  of  Italy  and  France,  and  particularly 
those  at  Versailles,  as  specimens  of  beauty.  In 
these  last  the  most  magical  effects  are  produced 
by  varying  the  ways  in  which  water  is  made  to 
spout  from  orifices.  In  one  place  it  is  seen  dart- 
ing into  the  air  as  a  straight  upright  pillar ;  in 
others  many  such  pillars  rise  together,  like  giant 
stalks  of  com ;  sometimes,  from  an  inclination 
given  to  the  jets,  they  bend  so  as  to  form  beautitiil 
arches,  which  appear  the  roofs  of  apartments 
built  of  water ;  or  they  mingle  together  with 
endless  variety ;  here  and  there  water-throwing 
wheels  send  out  spiral  streams,  and  hollow  spheres 
with  a  thousand  openings,  are  the  centres  of  im- 
mense bushes  or  trees  of  silvery  boughs.  These 
efiects,  amidst  cascades,  smooth  lakes,  and  scenes 
of  lovely  landscape,  constitute  a  whole  as  en- 
chanting, perhaps,  as  art  by  moulding  nature  has 
ever  produced,  or  as  fancy  has  ever  conceived. 

As  relates  to  "  Waves,"  their  form,  magnitude 
and  velocity,  admit  of  deep  mathematical  research  ; 
and  the  subject  is  rendered  the  more  interesting, 
because  certain  phenomena  of  sound  and  light  are 
of  kindred  nature.  Here,  however,  it  must  be 
treated  with  all  possible  brevity. 
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^  A  Stone  t]>rown  into  a  smooth  pond,  causes  a 
succession  of  circular  waves  to  spread  from  the 
point  where  it  falls^  as  a  common  centre. 
These  diminish  in  elevation  as  they  expand,  and 
each  new  one  is  less  raised  than  the  preceding^ 
so  that  gradually  the  liquid  mirror  is  again  as  per- 
fect as  before.  Several  stones  falling  at  the  same 
time  in  different  places,  cause  crossing  circles, 
which  however  do  not  disturb  the  progress  of 
each  other.  The  phenomenon  is  seen  in  beautiful 
miniature  at  each  leap  of  the  little  insects  which 
cover  the  surface  of  our  ponds  in  the  calm  hours 
of  summer. — The  rationale  of  the  phenomenon 
is  as  follows.  When  the  stone  falls  into  the  water, 
because  the  liquid  is  incompressible,  a  part  of  it 
is  displaced  laterally,  and  becomes  an  elevation 
'  or  circular  wave  around  the  stone.  This  then 
falls  downwards  and  outwards  in  obedience  to  the 
laws  of  fluidity,  and  the  circle  is  seen  to  spreiad* 
In  the  mean  time,  where  the  stone  descended,  a 
hollow  is  left  in  the  water,  but  owing  to  the  sur- 
rounding pressures,  is  soon  filled  up,  by  a  sudden 
rush  from  below ;  and  the  rising  water  does  not 
stop  at  the  exact  level,  but  like  a  pendulum 
sweeping  past  the  centre  of  its  arc,  rises  as  far 
above  as  the  depression  was  deep.  This  central 
elevation  now  acts  as  the  stone  did  originally,  and 
causes  a  second  wave,  which  pursues  the  first ; .  and 
in  subsiding,  like  the  pendulum  still,  it  falls  again 
as  much  below  the  level  as  it  had  mounted  above; 
hence  it  has  to  rise  again,  again  to  fall,  and  so 
on ;  sending  forth  a  new  wave  at  each  alterna- 
tion.    Owing  to  the  friction  among  the  particles. 
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each  new  wave  U  less  raised  than  the  preceding, 
and  at  last  tlie  appearance  dies  away. 

So  absohitely  level  is  a  Hqiiid  surface,  and  so 
sensitive,  that  the  effect  of  any  disturbing  cause 
is  perceived  at  great  distances.  A  boat  rowed 
across  a  still  lake  ruffles  its  surface  to  a  great 
extent;  and  although  the  widening  waves  be- 
come  at  last  so  fldnt  as  not  to  be  perceptible  to 
the  eye,  they  still  produce  a  rippling  noise  where 
they  fall  among  the  pebbles  on  the  shore.  In 
seas  liable  to  sudden  but  partial  hurricanes,  the 
roar  of  breakera  on  distant  coasts  often  tells  of 
the  storm  which  does  not  otherwise  reach  them. 
The  author  once,  in  the  eastern  ocean,  had  an 
opportunity  of  contemplating  waves  of  extra- 
ordinary magnitude  rolling  along  during  a  gloomy 
calm,  and  therefore  with  unbroken  surface,  and 
appearing  like  billows  of  molten  lead.  It  was 
afterwards  ascertained  that  at  tiiat  very  time,  about 
one  hundred  miles  to  tlie  north-east,  four  of  the 
finest  ships  of  the  India  Company  were  perishing 
in  a  storm. — In  the  polar  seas,  which  are  com- 
paratively tranquil,  because  defended  from  the 
wind  by  surrounding  islands  of  ice,  a  few  sudden 
waves  are  occasionally  obsei'ved,  and  then  all  is 
calm  again.  Such  a  phenomenon  announces  that 
the  occurrence  described  at  page  ii86,  has  hap- 
pened somewhere,  of  an  island  of  ice  turning 
over  because  the  place  of  its  centre  of  gravity 
is  changed  by  partial  melting. 

A  wave  passing  through    a  gap   or   opening, 

spreads   from   it  as  a  new  centre;    and  a  wave 

coming  against  a  perpendicular  surface  of  wall  or 
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rock,  is  completely  reflected  from  it,  so  as  to  have 
the  appearance  of  coming  from  a  point  as  far 
beyond  the  wall,  as  its  real  origin  or  centre  was 
distant  on  tfie  aide  where  it  is  moving. 

The  common  cause  of  waves  is  the  friction  of 
the  wind  upon  tiie  surface  of  the  water.  Little 
ridges  or  elevations  liist  appear,  which  by  con- 
tinuance of  the  force  gradually  increase,  until 
they  become  the  rolling  mountains  seen  where 
the  winds  sweep  over  a  great  extent  of  water. 
The  heaving  of  the  bay  of  Biscay,  and  still  more 
that  of  the  open  ocean  beyond  the  southern 
capes  of  America  and  Africa,  is  one  extreme, 
and  the  stillness  of  the  tropical  seas  wliich  are 
guarded  by  near  encircling  lands  is  the  other.  In 
the  vast  archipelago  of  the  east,  where  Borneo, 
and  Java,  and  Sumatra  lie,  and  the  Molucca 
islands  and  tlie  FhOlipines,  the  sea  is  often  fanned 
only  by  the  land  and  sea  breezes,  and  is  like  a 
smooth  bed,  on  which  these  islands  seem  to  sleep 
in  bliss — islands  in  which  the  spice  and  perfume 
gardens  of  tlie  world  are  embowered,  and  where 
the  bird  of  paradise  has  its  home,  and  the  golden 
pheasant,  and  a  hundred  others  of  brilliant  plum- 
age ;  whose  flight  is  among  tliickets  so  luxuri- 
ant, and  scenery  so  picturesque,  that  European 
strangers  find  there  the  fairy  land  of  their 
youthful  dreams. 

In  rounding  the  Cape  of  Good  Hope,  waves 
are  met  with,  or  rather  a  swell,  so  vast,  that  a  few 
ridges  and  a  few  depressions  extend  a  mile.  But 
these  are  not  so  dangerous  to  ships  as  a  shorter  sea, 
as  it  is  termed,  with  more  perpendicular  waves. 


The  slope  in  the  former  is  so  gentle,  that  tiie 
rising  and  falling  are  scarcely  felt  j  while  the  lat- 
ter, by  the  sudden  tossing  of  the  vessel,  is  often 
destructive.  When  a  ship  is  sailing  before  the 
wind,  and  riding  over  this  long  swell,  she  advances 
as  if  by  leaps;  for  as  each  wave  passes,  she  is  first 
descending  headlong  on  its  front,  acquiring  a 
velocity  so  wild  that  she  can  scarcely  be  steered ; 
and  soon  after,  when  the  wave  lias  glided  under 
her,  she  is  climbing  on  its  back,  and  her  motion 
is  slackened  almost  to  rest,  before  tiie  following 
wave  arrives. 

The  velocity  of  waves  has  relation  to  their 
magnitude.  The  large  waves  just  spoken  of,  pro- 
ceed at  the  rate  of  from  thirty  to  forty  miles  an 
hour. — It  is  a  vulgar  belief,  that  the  water  itself 
advances  with  the  speed  of  the  wave,  but  in  fact 
thej'orm  only  advances,  while  the  subsia?ice,  except 
a  little  spray  above,  remains  rising  and  falling  in 
the  same  place,  according  to  the  laws  of  the 
pendulum.  A  wave  of"  water,  in  this  respect,  is 
exactly  imitated  by  the  wave  running  along  a 
stretched  rope  when  one  end  is  shaken ;  or  by 
the  mimic  waves  of  our  theatres,  which  are  gene- 
rally the  undulations  of  long  pieces  of  carpet, 
moved  by  attendants.  But  when  a  wave  reaches 
a  shallow  bank  or  beach,  the  water  becomes  really 
progressive,  because  then  as  it  cannot  sink  directly 
downwards,  it  falls  over  and  forwards,  seeking  its 
level. 

So  awful  is  the  spectacle  ot"  a  storm  at  sea,  that 
it  is  generally  viewed  through  a  medium  which 
biases  the  judgment ;  and,  lofly  as  waves  really 
2  D  4 
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are,  imagination  makes  them  loftier  stilL  No 
wave  rises  more  than  ten  feet  above  the  ordinary 
level,  which,  with  the  ten  feet  that  its  suriace 
afterwards  descends  below  this,  gives. twenty  feet 
for .  the  whole  height,  from  the  bottom  of  any 
water-valley  to  the  summit.  This  proposition  is 
easily  proved  by  trying  the  height  upon  a  ship's 
mast  at  which  the  horizon  is  always  in  sight  over 
the  top  of  the  waves ;  allowance  being  made  for 
accidental  incHnations  of  the  vessel,  and  for  her 
sinking  in  the  water  to  much  below  her  water  Jine, 
at  the  instant  when  she  reaches  the  bottom  of  the 
hollow  between  two  waves.  The  spray  of  the 
sea,  driven  along  by  the  violence  of  the  wind,  is 
of  course  much  higher  than  the  summit  of  the 
liquid  wave ;  and  a  wave  coming  against  an  ob- 
stacle, may  dash  to  almost  any  elevation  above 
it.  At  the  Eddystone  light-house,  when  a  surge 
reaches  it  which  has  been  growing  under  a  storm 
all  the  way  across  the  Atlantic,  it  dashes  even 
over  the  lantern  at  the  summit. 

It  has  been  proposed  to  construct  submarine  boats 
or  vessels  to  swim  so  deep  in  the  water  as  to 
be  below  the  superficial  motion  of  the  waves,  and 
therefore  beyond  the  influence  of  storms  at  the 
surface.  Such  a  boat  has  been  tried  with  con- 
siderable success  ;  and  the  increasing  familiarity 
with  submarine  matters  since  the  invention  of  the 
diving-bell  may  ultimately  lead  to  great  improve- 
ments, and  render  the  submarine  vessel  so  com- 
modious and  safe,  that  persons  who  dislike  the 
sickening  motion  of  the  surface  may  prefer  sailing 
underneath. 
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The  magnitude  of  waves  is  well  judged  of  when 
they  are  seen  breaking  on  an  extended  shore  or 
beach.  In  the  deep  sea  the  wave  is  only  an  ele^ 
vatlon  of  the  water,  sloping  on  either  side  ;  but 
as  it  rolls  towards  the  shore  it  becomes  more 
perpendicular  in  front,  and  at  last  curls  over  and 
falls  with  its  whole  weight,  and  with  a  noise, 
when  several  miles  of  it  break  at  the  same  instant, 
which  shakes  the  country  round. 

On  the  east,  or  Coroniandel  coast  of  India,  at 
certain  seasons,  vast  waves  are  constantly  break- 
ing ;  and  as  there  are  no  good  harbours  there, 
communication  between  the  sea  and  land  is 
impossible  by  ordinary  boats.  The  natives  of 
the  coast,  at  Madras  for  instance,  are  almost 
-  arapliibious.  They  reach  ships  beyond  the  break- 
ers by  the  help  of  what  arc  called  catamarans^ 
consisting  of  three  smalt  logs  of  wood  tied  toge- 
ther ;  on  tliis  they  secure  themselves,  and  boldly 
adi'ance  up  to  the  coming  wall  of  water,  which 
they  then  shoot  into,  and  rise  to  the  smooth  sur- 
lace  beyond  it,  like  water-fowls  after  diving. — 
Boats  unsuited  to  the  breakers  often  perish  in 
them.  The  author  had  gone  on  shore  with  a 
watering  party  on  the  coast  of  Sumatra,  and 
during  the  hours  that  were  spent  there,  a  swell 
had  arisen  in  the  sea,  which  now  appeared  on  the 
.  shore  as  lofty  breakers.  The  cutter  in  which  he 
was  regained  the  ship  in  safety,  but  a  larger  boat 
which  followed  was  overwlielmed,  and  an  officer 
and  part  of  tlie  crew  perished. 

There  is  a  phenomenon  obser^'ed  at  the  moutlis 
of  many  great  rivers,  called  the  Boar,  which  has 
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some  resemblance  to  a  wave.  When  the  tide 
returning  from  the  sea  meets  the  outward  current 
of  the  river,  and  both  have  the  force  which  in  ceiv 
tain  situations  belong  to  them,  the  stronger  mass 
from  the  ocean  assumes  the  form  of  an  almost 
perpendicular  wall,  moving  inland  with  resisdess 
sweep  :  this  is  called  the  boar. «  In  the  different 
branches  of  the  Ganges  it  is  seen  in  a  remaiicable 
degree.  SmaUer  boats  and  sidfk  cannot  live 
where  it  comes ;  and  as  it  passes  the  city  of  Cal- 
cutta, even  the  large  ships  at  anchor  there  are 
thrown  into  great  commotion,  and  sometimes 
their  cables  give  way. 

The  nature  and  effects  of  this  boar  are  closely 
imitated  upon  those  coasts  where  extensive  tracts 
of  sand  are  lefb  uncovered  at  low  water.  In  such 
situations,  of  which  there  are  many  on  the  western 
chores  of  Britain,  the  returning  tide  is  seen  ad^ 
vancing  with  steep  front,  and  with  such  rapidity, 
that  the  speed  of  a  galloping  horse  can  scarcely 
save  a  person  who  has  incautiously  approached 
too  near.  Many,  every  year^  are  the  victims  of 
temerity  or  ignorance  on  these  treacherous  plains. 

"  Fluids  resisting  the  motion  of  bodies  immersed  in 
them,  or  themselves  moving  against  other  bodies.** 
(See  the  analysis,  page  402.) 

The  same  force  is  required  to  give,  or  to  take 
away,  or  to  bend  motion,  in  a  fluid,  as  in  an  equal 
quantity  of  solid  matter.  A  pound  of  water  en- 
closed in  a  bladder,  is  not  more  easily  thrown  to 
a  given  height  than  a  pound  of  ice,  or  of  lead;  nor, 
if  falling  into  the  scale  of  a  weighing-beam,  does 
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it  require  less  as  a  counterpoise ;  nor  if  made  to . 
revolve  at  the  end  of  a  cord,  as  the  ice  or  a  stone 
might  revolve  in  a  sling,  does  it  render  the  cord 
less  tight. 

Many  persons  looking  carelessly  at  this  subject* 
would  expect,  that  if  a  body  moving  through  a 
fluid  at  a  given  rate  meets  a  given  resistance,  it 
should  just  meet  double  resistance  when  moving 
with  double  speed.  Now  four  times  the  power  is 
required  to  produce  a  double  rate. 

This  fact,  when  more  closely  examined,  is  easily 
understood.  A  boat  which  moves  one  mile  per 
hour,  displaces  a  certain  quantity  of  water,  and 
with  a  certain  velocity  ; — if  it  move  twice  as  fast, 
it  of  course  displaces  twice  as  much  water,  and 
requires  to  be  moved  by  twice  the  force  on  that 
account ;  but  it  also  displaces  every  particle  with 
a  double  velocity,  and  requires  another  doubling 
of  the  power  on  this  account :  the  power  then 
being  doubled  on  two  accounts,  becomes  a  power 
of  four.  In  the  same  manner  with  a  speed  of 
three,  three  times  as  many  particles  are  moved, 
and  each  particle  with  three  times  the  velocity  j 
therefore  a  force  of  nine  is  wanted  to  produce 
it:  and  so  for  a  speed  of  four,  a  power  of  sixteen 
is  wanted ;  and  for  a  speed  of  five,  a  power  of 
twenty-five.  The  corresponding  numbers,  up  to 
a  speed  of  ten,  are  shewn  in  the  following  table. 


.18  3     4.     5 
. 1  ♦  9  16  25  J 


49  64  81   100 


Correeponding  resistance . 

So  that  the  force  of  one  hundred   horses  would 
only  drag  a  boat  ten  times  as  fast  as  tlie  force  of 
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one  horse.  Arithmeticiaos  express  the  relation 
shewn  in  this  table»  by  saying  that  the  power  re^ 
quired  to  mwe  a  body  in  ajfvidy  increases  as  the 
square  of  the  speed. 

There  is  not  a  more  important  truth  in  physics 
than  this ;  it  explains  so  many  common  facts,  and 
becomes  a  guide  on  so  many  occasions. 

It  shews  at  what  a  heavy  expense  of  coal  high 
velocities  are  obtained  in  steam-boats.  If  an 
engine  of  49  or  50  horse  power  would  drive  a 
boat  7  miles  an  hour^  two  engines  of  50,  or  one 
of  100  would  be  required  to  drive  it  10  miles, 
and  three  such  would  only  drive  it  12  miles. — 
For  the  same  reason,  if  all  the  coal  which  a  ship 
could  conveniently  carry  were  just  sufficient  to 
drive  her  1,000  miles,  at  the  rate  of  12  miles  per 
hour ;  it  would  drive  her  3,000  at  the  rate  of  7 
miles  per  hour ;  and  nearly  6,000  at  a  rate  of  5 
miles  per  hour.  This  is  a  very  important  con- 
sideration for  persons  concerned  in  steam  naviga- 
tion to  distant  parts. 

The  same  law  shews  the  folly  of  putting  very 
large  sails  on  a  ship:  the  trifling  advantage  in 
point  of  speed  by  no  means  compensates  for  the 
additional  expense  of  making  and  working  the 
sails,  and  the  risk  of  accidents  in  bad  weather. 
The  ships  of  the  prudent  Chinese  have  not  one- 
third  so  much  sail  for  the  same  tonnage  as  those 
of  Europe,  and  yet  they  move  but  a  little  slower. 
A  ship  under  jury-masts  does  not  lose  so  much 
of  her  usual  speed  as  most  people  would  expect 

This  law  explains  also  why  a  ship  glides  through 
the  water  one  or  two  miles  an  hour  when  there  is 
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hardly  any  wind,  although  with  a  strong  breeze 
she  would  only  sail  at  the  rate  of  eight  or  ten 
miles.  The  1 00th  part  of  that  force  of  wind 
which  drives  her  ten  miles  an  hour  will  drive 
her  one  mile  per  hour,  and  the  ■iOOth  part  will 
drive  her  half  a  mile.  Thus  also  a  few  men  in 
a  boat  can  pull  a  large  ship  in  a  calm  at  a  sensible 
rate. 

These  considerations  shew  strikingly  of  what 
importance  to  na\'igation  it  might  be  to  have,  as  a 
part  of  a  ship's  ordinary  equipment,  one  or  two 
water-wheels,  to  be  affixed  upon  the  ship's  side 
wlien  required,  like  the  paddle-wheels  of  a  steara- 
boat,  and  by  turning  which  the  crew  might 
easily  deliver  themselves  from  the  tedium,  and 
often  more  disastrous  consequences  of  a  long 
cabn  at  sea. — The  author  was  in  a  ship  completely 
becalmed  for  weeks  on  the  Line ;  duruig  which  , 
most  wearisome  period,  the  breezes  were  often 
seen  roughening  the  water  a  mile  or  two  farther 
on,  and  any  means  that  could  have  enabled  the 
ship's  company  to  drive  her  a  little  distance  might 
have  saved  the  delay.  The  wheels  might  be 
driven  by  connexion  with  the  capstan,  which  the 
crew  would  most  willingly  turn  to  escape  from 
their  wearisome  inactivity.  Delay  in  a  large  vea* 
sel  with  troops  on  boaid  often  costs  hundreds  of 
pounds  per  day,  and  may  retard  the  execution 
of  important  projects. — But  the  propelling  of  the 
ship  in  a  calm  seemed  to  the  author  to  be  the  leaat 
important  pmrpose  which  such  wheels  might  serve. 
If  from  disease,    fatigue,  or  otherwise,  the  crew 


418  HTDRAULIC3. 

were  inadequate  to  existing  necessities,  two  wheels 
affixed  to  the  extremities  of  an  axis  running 
across  the  ship,  as  in  a  steam-hoat,  might  he 
equivalent  in  many  cases  to  additional  hands,  or 
to  a  steam-engine  of  great  power.  Acted  upon 
by  the  water  as  the  ship  sailed,  they  would  turn 
with  the  force  of  water-wheels  on  shore,  and 
might  he  made  to  move  the  pumps,  to  hoist  the 
sails,  and  to  do  any  work  which  a  steam-engine 
could  perform.  Many  a  gallant  vessel  has  perish- 
ed because  the  exhausted  crew  could  no  longer 
labour  at  the  pumps,  and  where  such  water-wheels 
or  a  windmill-wheel  would  have  performed  the 
duty  most  perfectly. 

The  law  that  resistance  to  a  body  moving  in  a 
fluid  increases  in  a  greater  proportion  than  tlie 
speed  of  the  body,  applies  where  the  fluid  is 
aeriform,  as  well  as  where  it  is  hquid.  ' 

A  bullet  shot  through  the  air  with  a  double 
velocity,  experiences  four  times  as  much  resist- 
ance as  with  a  single  velocity  :  and  it  is  faitlier 
true,  that  when  the  velocities  of  bodies  moving 
in  air  are  very  great,  the  resistance  increases  in 
a  stUl  quicker  ratio  tlian  in  liquids  :  probably  be- 
cause the  compressibUity  of  air  allows  it  to  be  very 
much  condensed  or  heaped  up  before  the  quick 
moving  body.  It  is  useless  to  discharge  a  can- 
non ball  with  a  velocity  exceeding  1,200  feet  in  a 
second,  because  the  powerful  resistance  of  the 
au-  to  any  velocity  beyond  that,  soon  reduces  it 
to  that  at  least. 


ACTION   BETWEEN   FLtJTDS   AND   SOLIDS.       419 


The  rule  of  mutual  action  between  a  solid  and 

fluid,  now  explained,  holds  equally  when  the 

fluid  is  in  motion  against  the  solid,  as  when  the 

solid  moves  through  the  fluid. 

If  a  ship  be  anchored  in  a  tide's  way  where  the 

current  is  four  miles  an  hour,  the  strain  on  her 

cable  is  only  one-fourth  part  as  great  as  if  the 

current  were  eight  miles. 

A  wind  moving  three  miles  an  hour  is  scarcely 
felt ;  if  moving  six  miles,  it  is  a  pleasant  breeze ; 
if  twenty  or  thirty  miles,  it  is  a  brisk  gale ;  if 
sixty,  it  is  a  storm  ;  and  beyond  eighty,  it  is  a 
frightful  hurricane,  tearing  up  trees  and  destroy- 
ing every  thing. 

Supposing  the  wind  to  move  one  hundred  miles  ' 
per  hour,  there  are  one  hundred  times  as  many 
particles  of  matter  striking  any  body  exposed  to 
it,  as  when  it  moves  only  one  mile  per  hour,  and 
each  particle   strikes  moreover  witii  one  hundred 
times  the  velocity  or  force :  therefore  the  whol^ 
increase  of  force  is  a  hundred  times  a  hundred, 
or  ten  thousand.     This  explains  how  the  soft  in- 
visible air  may  by  motion  acquire  force  sufficient  i 
to  unroof  houses  j  to  level  oaks  which  have  been 
stretching  their  strong  roots  around  for  a  century;  \ 
and  in  some  West-India  hurricanes,  absolutely  to  1 
brush  every  projecting  thing  from  the  surface  of  | 
the  earth. 

This  law  of  rapidly  increasing  resistance  assigns  I 
a  limit  to  many  velocities,  both  natural   and  i 
artificial. 
It  limits  the  velocity  of  bodies  falling  through 
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the  air.  By  the  law  of  gravity,  a  body  would' 
fail  with  a  constantly  accelerating  speed,  but  as 
the  resistance  of  the  air  increases  still  more  quickly 
than  the  falling  velocity,  the  two  opposing  in- 
fluences at  a  certain  point  balance,  and  the  motion 
becomes  uniform. 

The  parachute^  by  means  of  which  a  person 
may  descend  to  the  earth  with  safety  from  a  bal^ 
loon  at  any  elevation,  is  a  thing  resembling  a 
large  flat  umbrella.  The  aeronaut  attaches  him- 
self underneath  it,  and  when  it  is  let  loose  from- 
the  balloon,  he  is  supported  by  the  resistance 
which  its  broad  expanse  experiences  in  falling 
through  the  air.  It  descends  with  a  uniform 
motion  after  the  first  second  or  two,  and  its 
breadth  is  generally  such,  as  to  allow  a  velocity 
of  about  eleven  feet  in  a  second,  or  that  which  a 
man  acquires  in  jumping  from  a  chair  two  feet 
high. 

No  ship  can  sail  faster  than  fifteen  miles  in  an 
hour. 

No  fish  can  swim  with  a  velocity  exceeding 
twenty  miles  an  hour;  not  the  dolphin,  when 
shooting  ahead  of  our  swiftest  frigates,  or  the 
salmon,  when  darting  forward  with  speed  suffi- 
cient to  ascend  a  water-fall  of  many  feet. 

And  the  flight  of  birds  through  the  thin  air 
has  a  limited  celerity.  The  crow,  when  flying 
homewards  against  the  storm,  cannot  face  the 
wind  in  the  open  sky,  but  skims  along  the 
surface  of  the  earth  in  the  deep  vallies,  and 
wherever  the  swiftness  of  the  wind  is  retarded  by 
terrestial  obstructions.     The  great  albatross  can 
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Stem  upon  the  winj^  the  current  of  a  gale,  keeping 
company  with  a  driving  ship  where  the  air  is  pas- 
sing at  the  rate  of  a  hmidred  miles  an  hour,  but 
perhaps  this  is  the  hmit  to  which  winged  speed, 
and  therefore,  living  speed,  may  reach.  The 
bird  called  the  Stormif  Petrel  lives  chiefly  in  th^ 
midst  of  the  Atlantic  Ocean,  but  the  irresistible 
violence  of  the  wind  occasionally  sweeps  it  froni 
the  waves,  and  causes  its  appearance  on  the 
western  shores  of  Europe.  Vessels  from  th^ 
high  sea,  approaching  a  coast  from  which  thd 
wind  blows,  generally  become  resting-places  to 
exhausted  land  birds,  that  have  been  driven  off 
the  shore  by  wind  which  they  had  not  strength 
of  wing  to  stem ; — sad  evidences  of  the  myriad^ 
which  are  constantly  perishing  where  no  resting- 
place  is  found,  and  where  no  human  eye  note^ 
their  fate.  '   . 

The  action  or  resistance  of  a  meeting  fluid  and  « 
solid,  is  influenced  by  the  siiape  of  the  solid.      ^ 

If  a  flat  surface  experience  a  certain  resistance  " 
in  moving  through  a  fluid,  a  projecting  surface 
like  that  of  a  sphere  or  short  wedge  is  resisted  ' 
in   a  less  degree,    and  a  concave    surfiice  in  S' ' 
greater. 

The  following  are  instances  of  projecting  suri  , 
face.     Fishes  are  wedge-like  both  before  and  bei 
hind  ; — Birds  are  so  also,  and  they  stretch  out  tiheir  ' 
necks  while  flying  so  as  to  be  like  sharp  pomts,'  J 
dividing  the  air.     In  the  form  of  the  under  parit  ' 
of  boats  and  ships;  men  have  imitated  the  shape 
of  fishes.     The  light  wherries  which  shoot  about 
2  E 
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upon  the  surface  of  the  Hiames,  seem  the  very 
essence  of  what  the  imagination  can  picture  of 
form  to  combine  utility  and  grace.  There  aare 
boats  used  in  China,  called  snake  boatSf  which 
are  only  a  foot  or  two  broad,  but  perhaps  a  hun- 
dred feet  in  length  :  when  moved,  as  they  often 
are,  by  nearly  a  hundred  rowers,  their  swiftness 
is  extreme.  The  problem  which  is  to  assign  for 
a  ship's  hull  or  bottom,  the  best  possible  form 
that  she  may  have  speed  of  sailing,  is  not  yet 
completely  solved ;  so  that  a  kind  of  empirieisin 
still  prevails  in  the  matter :  yet  in  war  time, 
when  vessels  have  to  chase  and  to  flee,  speed 
becomes  of  the  greatest  importance.  The  sail^s 
heart  swells  with  delight  when  he  finds  his  weSl- 
beloved  vessel  outstripping  competitors,  both  be- 
cause of  the  many  immediate  advantages,  and  the 
glory  of  superiority. 

The  following  instances  exhibit  the  mutual  in* 
fluence  of  meeting  solids  and  fluids,  where  the 
surface  of  the  solid  is  plane  or  concave. 

In  a  water-wheel,  whether  the  water  be  moving 
against  the  wheel,  as  is  the  case  where  a  stream 
acts  to  drive  machinery,  or  the  wheel  be  moving 
against  the  still  water,  as  in  the  case  of  the  paddle- 
wheels  of  a  steam-boat,  the  extended  faces  of  the 
vanes  or  float-boards  give  or  receive  a  powerfiil 
impulse.  When  a  wheel  with  float-boards  merely 
dips  with  its  lower  part  into  a  stream  of  water, 
and  is  driven  by  the  momentum,  it  is  called  an 
undershot'WJieel ;  when  the  water  reaches  the 
wheel  near  the  middle  of  its  height,  and  turns 


ACTION   BETWEEN"  FLtTIDS   AND   SOLIDS.       4lK 

it  by  falling  on  the  float-boards  of  one  side  as 
they  sweep  downwards  in  a  curved  trough  fitting 
tiiem,  the  modification  is  called  a  breast-wheel ; 
and  when  the  float-boards  are  shut  in  by  flat  aides, 
so  that  they  become  the  bottoms  of  a  circle  of 
cavities  or  buckets  surrounding  the  wheel,  into 
which  the  water  is  allowed  to  fall  at  the  top  of 
the  wheel,  and  to  act  by  its  weight  instead  of  its  ■ 
momentum,  the  modification  is  called  the  over- 
shol-wheeL  To  have  a  maximum  of  effect  from 
these  different  kinds  of  wheels,  they  are  generally 
made  to  turn  with  a  velocity  of  about  a  third  ot' 
that  of  the  water.  TTie  subject  of  water-wheels 
is  of  much  importance  in  practical  mechanics,  for 
iboving  water  performs  a  great  d^al  of  labour  for 
man. 

Oars  for  boats  are  made  flat,  and  often  a  little 
concave,  tliat  tiie  action  between  them  and  water 
may  be  great.  The  web-feet  of  water-fow!,  in 
advancing,  collapse  like  a  shutting  umbrella,  but 
open  outwards  in  the  thrust  backwards,  so  as  to 
dfler  a  broad  flat  concave  surface  to  the  water. 
The  expanded  wings  of  birds  are  a  Uttle  concave 
on  the  under  side.  The  sails  of  ships  are  allowed 
to  swell  and  become  hollow  to  receive  a  fair  wind. 

The  resistance  between  a  solid  and  fluid  is  nearly 
proportioned  to  the  extent  of  the  surface  of 
the  solid  ;  hence  large  bodies  are  less  resisted 
in  proportion  to  their  weight  than  small  ones, 
because  they  contain  more  matter  in  proportion 
to  their  surface. 

t!  A  bullet,  or  any  solid  of  two  inches  diameter, 
y  E  2 
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has  eight  times  as  much  matter  in  it  as  a  similar: 

solid  of  one  inch,  while  it  has  only, 
four  times  the  surface.  Thus  eight 
dice  OK  little  cubes  put  together,, 
form  a  larger  cube,  of  which  the* 
surface  is  only  four  times  as  great»> 
and  the  edge  only  twice  as  long  i»- 
pf  the  single  die ;  and  twenty-seven  dice  together, 
just  form  a  cube  with  sides  three  times  as  long,: 
and  surface  nine  time  as  great  All  solids  simibur. 
tq  each  other,  have  this  kind  of  relation,  wbido^ 
ifk  th6  language  of  the  science  of  quantity^  m 
qidled  the  Klatidn  of  cubed ;  or  they  are  staid^ 
t0  bp  to  each  other  as  the  cubes  of  any  of  their 
QOtrdsponding  lines.  £[ence,  if  a  bullet  of  eight 
pounds  and  a  bullet  of  one  pound  be  shot  off 
with  equal  veloei^,  ^  that  of  eight  pounds  vnll 
go  much. the  farther,  becaiise  it  has  only ^mu> 
titnes  the  surface  of  the  one-pound  bullet,  ^rut 
eight  times  its  weight,  and  therefore  ei^t  timesL^ 
its  motal  inertia  or  force.  ^ 

This  important  rule  explains  why  shells  and 
large  shot  may  be  thrown  four  or  five  miles,  while' 
there  is  a  regular  diminution  of  range,  as  the  size 
of  the  projectile  is  less,  through  the  seadea  of 
smaller  cannon  balls>  musket  bullets,  pistol  and, 
gwan-shot,  and  the  common  small-shot  of  the 
sportsman,  all  of  which  are  discharged  from  their 
respective  pieces  with  the  same  commencing 
velocity.  Water  thrown  from  a  gun  or  powerful 
syringe  is  sometimes  used  to  stun  birds  with- 
out hurting  their  plumage ;  but  it  soon  divides 
in  the  air  so  minutely  that  it  only  reaches  td  a 
short  distance. 
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Water  falling  tlirough  tlie  air  from  a  great 
height,  goes  on  suffering  a  division  into  smaller 
and  still  smaller  poitions,  until  at  last  they  may 
be  said  to  be  nearly  all  surface,  and  then  the 
resistance  of  the  air  lets  them  faJI  very  slowly 
indeed.  The  relation  of  the  size  and  resistance 
is  well  shewn  by  the  different  celerity  in  the 
descent  of  a  minute  fog,  a  drizzling  mist,  and 
common  rain.  The  toy  called  the  naier-kammer, 
is  merely  a  little  water  enclosed  in  an  exhausted 
or  perfectly  empty  tube.  When  the  water  is  made 
to  fall  from  one  end  of  this  to  the  other,  as  there 
is  no  air  to  impede  or  divide  it  in  its  descent,  it 
falls  as  one  mass,  and  makes  a  sharp  noise  like 
the  blow  of  a  hammer. 

,    This  law  explains  why  a  spider's  thread  or  a 
single  filament  of  silk  floats  so  long  in  the  air 
before  it  falls ; — why  there  is  almost  constantly 
suspended  in  the  air  wherever  active  man  resides, 
that  immense  quantity  of  very  minute  solid  par- 
ticles, which,  when  rendered  visible  by  the  sun's 
light  passing  directly  through  them,    are  called.l 
motes  in  the  sunbeam— particles  which  are  coiw  .T 
stantly  settUng  on  household  furniture,  and  which  i 
have  daily  to  be  removed  in  cleaning ; — why  thef  J 
fine  dust  sent  a\oi\  during  the  eruption  of  volca^ 
noes  is  often  carried  by  the  wind  to  a  distance  of 
many  hundreds  of  miles ; — why  in  the  deserts  of 
Africa  the  strong  winds  often  transport  fine  sand 
from  place  to  place,  overwhelming  caravans,  and 
forming  new  mountains,  which  succeeding  blasts 
are  again  to  lift ; — why  in  the  bottom  of  a  river, 
or  iu  a  tides-way,  fine   mud  is  found  where  the 
2e3 
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.current  is  very  slow ;  sand  where  it  is  quicker  j 
I  ♦Jid  pebbles,  or  large  stones,  where  it  is  quicker 
I  Will ;  while  in  rapids  and  waterfalls,  only  solid 
i  ffocka,  firmly  planted  in  the  earth,  can  resist  the 
[.fluid  force. 

This  law  explains  the  operation  of  levigating, 

I  which  obtains  substances  insoluble  in  water  in  the 

\  »tate  of  a  very  fine  powder.    The  substance  is 

[  ■first  ground  or  powdered  in   aoy  ordinary  way, 

^d  mixed  with  water.    All  the  grosser  parts  soon 

I  iall  to  the  bottom,  while  the  fine  dust  remaim 

[  longer  suspended.     This  is  then  obtained  sepa. 

[  »ately,  by  pouring  the  liquid  which  bears  it,  into 

another  vessel,   and  allowing  time  for  the  slow 

subsidence.     The  fine  powder  of  flint  used  in  the 

manufacture  of  porcelain  is  obtained  in  this  way ; 

8ft  is,  also  the  powder  of  calamine  stone  and  other 

powders  used  in  medicine  and  the  various  arts. 

Tliis  law  further  explains  how,  by  means  of  air 

or  water,    bodies    of  different  specific  gravities, 

altliough  mixed  ever  so  intimately,  maybe  quickly 

and  mochanicaUy  separated.     If  pieces  of  cork 

and  lead  be  allowed  to  fall  through  the  air  U^e- 

ther,  the  lead  will  reach  the  ground  fii'st,    and 

may  then  be  swept  away  separately  before  the 

cork  arrives :  in  a  vacuum  the  whole  would  fall 

I  together,  as  proved  by  the  common  experiment 

,  of  the  guinea  and  feather  in  the  receiver  o£  an 

^  pump.     JiVhen  a  mixture  of  com  and  chaff  is 

I  l&owered  down  from  a  sieve  in  a  current  of  air, 

the  chaff  from  being  longer  in  falling  is  carried 

far  by  the  wind,  while  the  heavier  corn  falls  almost 

directly  down  :  thus  the  farmer,  by  winnowing  in 
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cither  a  natural  or  artificial  current  of  air,  separates 
his  grain  from  the  chaff;  and  if  he  desire  it, 
he  may  divide  tlie  grain  itself  into  portions  of 
different  quality.  Similar  to  the  operation  of 
separating  chaff  from  corn  by  wind,  is  that  of 
separating  sand  and  mud  from  gold-dust  by  water. 
The  soil  containing  gold-dust  is  spread  on  a  flat 
surface,  over  which  a  current  of  water  is  made 
to  pass.  This  carries  away  the  lighter  rubbish  and 
leaves  the  gold.  If  a  mass  of  metal  be  affixed  on 
the  end  of  a  rod  of  wood,  the  rod,  whether  simply 
filing  through  the  air,  or  advancing  in  it  as  an 
arrow,  will  follow  the  heavy  metal  as  a  point. 
The  cork  of  a  shuttlecock  is  always  foremost  for 
tiie  same  reason. 

The  instances  enumerated  under  this  head  serve 
to  filiew  how  many  and  varied  the  results  may  be 
which  flow  from  one  single  principle. 

When  a  fluid  and  a  solid  meet  each  other,  the 
shock  or  effect  is  always  perpendicular  to  the 
surface  of  the  solid,  whatever  be  tlie  obliquity 
of  their  approach,  but  is  less  as  this  obliquity  is 
greater. 

Suppose  a i!*  to  be  aboard  or  flat  surface,  seen 
edgeways,  any  fluid  approaching  it, 
in  whatever  direction,  must  act  up- 
on it,  as  if  approacliing  per^iendi- 
cularly  from  c  d,  because  supposing 
the  surface  to  be  smooth,  the  fluid 
can  take  no  hold  of  it  to  push  it 
endways,  either  towards  a  or  i. — 
But  the  impulse  of  a  stream  acting 
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on  t^e  surface  will  be  less  if  it  be  ob]ique»  both 
bi^ca^se  less  fluid  will  touch  and  bec^ase  the 
velocity  of  the  approach  will  be  less.  The  liue  cd 
iqar^  the  breadth  x>f  the  part  of  a  direct  stream 
which  reaches  the  board,  and  the  shorter  line  fo. 
the  breadth  of  a  stream  coming  obliquely  io  tfaa 
direction  cb:  and  in  the  oblique  8tre^m»  if  t)ip 
lin^  c  b  mark  the  whole  velocity,  and  theref^p^ 
the  whole  force,  the  shorter  line  c  a  wiU  ni^k  th^ 
velocity  with  which  it  approaches  the  board,  ap4 
therefore  will  shew  the  loss  of  force  fr^n  tha 
obliquity  of  action. 

.  Hence  the  wind  blowing  upon  the  sail  of  9i 
shipi  always  presses  it  directly  forward,  or  perp^>^ 
dicularly  to  its  surface,  whatever  the  obliquiQ; 
of  the  approach ;  but  it  acts  less  forcibly  as  tJie 
Qbli^uity  i%  greater.     If  the  wind  be  represented^ 

as  to  direction  and  strength,  by  tibe 
line  e  d  approaching  the  sail  a  b^ 
it  will  act  on  the  sail  as  if  it  cam6 
from  f  to  rf,  or  as  if  the  sail  were 
pulled  by  a  rope  d  c.  We  see  in 
this  how  a  ship  can  be  made  to  sail 
against  the  wind  in  a  certain  de^ 
gree ;  for  all  the  sails  being  trimmed^  as  it  is  called, 
or  fixed  so  as  to  receive  the  wind  in  the  direction 
here  shewn,  they  all  act  to  produce  tlie  same 
result  as  if  ropes  were  pulling  from  each,  in  the 
direction  d  c. 

The  reason  again  why  a  rope  like  c  d  pulling 
sideways  as  well  as  forwards,  in  the  manner  of  a 
tow-rope  from  a  canal  boat,  makes  the  vessel 
advance  rapidly  forward,  but  scarcely  at  all  side- 
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ways,  is,  that  she  is  formed  to  pass  forward  per-, 
haps  twenty  times  more  easily  with  her  sharp, 
bow,  tlian  sideways  with  her  long  flat  keel  j  and 
tlierefore  a  force  that  were  pulling  just  as  much;  ] 
sideways  as  forwards,  would  make  her  advancal 
twenty  miles  in  the  direction  of  her  keel,  that  i^ 
forwards,  for  one  mUc  which  she  would  deviate 
sideways. — The  deviation  sideways  which  taked 
place  to  a  certain  extent  whenever  the  wind  is  at  J 
all  obhque,  is  called  the  lee-way.  .  \  ■ 

A  vessel  having  to  sail  from  a  to  h,  directly 
agaimt  the  wind,  is  obliged  to  sail  close  to  the  windy 
as  explained  in  the  last  paragraphs  ;> 
first  perhaps  to  c,  with  the  right  or  star- 
board side  to  the  wind,  then  to  tacky 
as  it  is  called,  or  turn  round,  at  c,  and  to 
S  >K  sail  to  d,  with  the  left  or  larboard  side  to 
the  wind ;  tlien  to  go  on  the  starboard 
tack  to  e,  and  from  thence  to  the  port  at  h. 

In  making  way  against  a  contrary  wind,  the  sails 
of  a  ship,  as  shewn  in  the  last  page,  are  pointed 
8D  nearly  edgeways  to  the  wind,  that  unless  they» 
are  very  flat,  a  great  portion  of  their  surface  be- 
comes useless.     The  Chinese  manner  of  rigging 
is,  in  this  respect  at  least,  superior  to  the  Euro-f  J 
pean  ;  for  owing  to  bamboo  reeds  attached  acroair  \ 
the  sails,  they  are  rendered  as  flat  as  boards.     If  ' 
they  point  edgeways  to  a  spectator,  he  only  seeag^ ' 
the  masts  which  support  them. 

The  law  now  under  consideration  explains  the^  j 
action  of  the  rudder  of  ships, — that  contrivance^^  ( 
by  wliich  a  single  steersman  can  direct  the  course,  \ 
of  a  mighty  vessel  through  rocks  and  shoals,  more    \ 
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steadily  and  saSAy^  than  the  most  adroit  driver 
on  shore  can  guide  his  steeds.  The  helm  or 
rudder  is  a  {mgection  finom  the  stem  of  the  ship, 
attadiedtowhak  is  called  the  stern-post,  by  strong 
hinges,  in  the  manner  of  a  door  or  gate,  and 
flared  by  a  beam  or  lever  called  the  tiOer,  pro- 
ceeding forwards  to  where  the  steersman  stand&i 
In  small  vessels  the  tiller  is  above  the  deck, 
and  the  steersman  a]^lies  his  hand  directly 
to  it;  but  in  larger  ones  it  is  below,  and  is 
BMved  by  r^qpes,  rising  £rom  it  to  the  wheel  on 
the  deck»  where  the  hehnsman  stands  with  the 
compass  bd:ore  hhn.  While  the  rudder  pcmits 
iKrectly  astenn,  as  to  a,  like  a  ccmtinuatimi 
of  the  keri  and  stem-pos^  it  does  not 
aflect  the  vess^s  course;  but  if  it  be 
inclined  ever  so  litde  to  one  side,  as  to  6 
on  the  left  or  tarhoard  side,  the  water 
immediately  acts  there  in  the  direction 
c  K  perpendicular  to  the  sur&ce  of  the 
rudder^  and  pushes  the  stem  to  the  right 
or  starboard  side>  which  acticm  is  equivalent  to 
pulling  the  bow  to  the  larboard. 

It  is  poessible  to  make  a  ship  w  boat  steer  itsd^ 
by  placing  a  powertul  vane  on  the  mast-head, 
which  shall  pull  the  tiller-ropes  by  two  projecting 
anxbs  as  it  turns  with  the  wind.  If  it  were  desired 
to  make  the  ship  sail  directly  betbie  the  wind,  the 
tiller-ropes  would  be  ttxed  to  the  vane  so  that  the 
heim  should  be  in  the  middle  position,  when  the 
vane  were  pointing  directly  forward ;  and  were 
the  vesjjel  then  tirom  anv  cause  to  deviate  fiom 
her  course*  the  vane  by  its  changed  position  with 
respect  to  her>  would  h^ive  produceda  corxeqiond- 
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ing  change  on  the  position  of  the  helm,  just  siich 
as  to  bring  her  back  to  the  true  course.     It  iS 
evident  that,  by  adjusting  such  a  vane  and  rudder 
to  each  other,  any  desired  course  might  be  ob-  _ 
tained,  and  which  would  remain  the  same  whiltf 
the  wind  changed  not.    The  vane  would  reqoirtf 
to  be  of  large  size  to  have  the  necessary  power — * 
a  wide  hoop,  for  instance,  with  canvass  stretched 
upon  it  J  and  the  rudder,  that  it  might  turn  eaaiy, 
would  be  hung  by  an  axis  through  its  middle^ 
instead    of,    as    usual,    by    hinges   at   one    edge. 
Cases  have   occurred  where  persons  after  ship- 
wreck might  have  sent  intelligence  of  their  dift* 
aster  to  a  distant  coast,  by  a  small  vessel,  or  even 
a  block  of  wood  fitted  up  in  this  way ;  and  the 
method  might  frequently  save  an  additional  hand  in  ] 
a  boat's  crew.  It  admits  also  of  other  aj^Hcationa.  i 
As  fluids  act  on  surfaces,  perpendicularly  to  | 
them,  the  water  on  the  right  side  of  a  ship's  bow  I 
presses  towards  the  left  side  ;  but  as  there  is  just  I 
an  equivalent  and  contrary   pressure  there,  the  | 
ship  holds  her  course  evenly  between  the  two,  at  < 
straight-forwards.     When    a  ship,    Iiowever,   li«  I 
over  or  heels,  owing  to  a  side  wind,  that  side  of  \ 
the  bow  which  sinks  most  in  the  water  is  morfc 
pushed  than  the  other;    and  were  it  not  fw  a  . 
counteracting    inclination    of    the   rudder    then  \ 
made,  constituting  what  is  called  weather  kebn,  { 
the  ship's  head  would  come  rwind  to  the  wind. 
Now  ships  so  rarely  have  the  wind  exactly  a-sten^  1 
that  to  diminish    the  almost    constant  necessity 
of  7veather  helmy  tlie  masts,  and  consequently  the 
mass  of  the  sails,  are  placed  more  towaids  the  bow 
tlian  the  stern. 
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5*  Because  the  bow  of  a  ship  is  oblique  downwards 
Its  well  .as  sidewards,  the  water,  when  she  moves^ 
is  constantly  tending  to  lift  the  bow ;  hence  when 
a  vessel  is  dragged  by  li  low  horizontal  rope,  or  ii 
pioved  by  paddle-wheels,  the  bow  rises  much  out 
q{  the  water,  and  the  stern  sinks  in  the  hollow  or 
furrow  of  her  track :  but  when  she  is  driven  by 
$ails,  as  these  are  high  on  the  mast»  and  are  acting 
t;herefore  by  a  long  lever  to  depress  the  bow»  the 
^wo  opposing  tendencies  just  balance  each  ofcheT) 
^nd  the  vessel  sails  evenly  along. 
.  The  foi:m  of  the  fore  part  of  a  ship  has  lesi 
influence  upon  her  speed  of  sailing,  than  the  form 
of  her  hind  part  or  run.  When  a  ship  is  at  rest; 
there  is  of  course  as  much  forward  prtessurd  of 
the  water  about  the  stem  as  of  backward  pressure 
on  the  bow ;  but  when  she  sails,  she  is  running 
away  £rom  the  pressure  bdbind,  and  increasing 
that  in  front  A  gradual  tapering  of  the  hind 
part  therefore,  or  a  Jme-runj  as  it  is  called,  which 
allows  the  water  to  apply  itself  readily  to  it,  as  it 
passes  along,  must  quicken  much  the  rate  of  sailing. 
A  tree  or  tapering  mast  of  a  ship  can  be  drawn 
through  the  water  the  most  easily  with  the  large 
end  foremost 

.  The  common  windmill  furnishes  another  illustra- 
tion '  of  the  action  of  fluids  on 
oblique  surfaces.  The  face  of 
the  windmill  is  turned  directly 
to  the  wind,  but  the  four  flat 
vanes  or  sails  of  which  the  great 
wheel  consists  are  individually 
oblique.      Thus  the  edge  a  of 
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the  vane  a  e,  is  more  forward  as  regards  the  com^ 
ing  wind  or  a  spectator  in  front,  than  the  edge  e,: 
and  the  action  of  tlie  wind  therefore,  being  per-i 
pendicular  to  the  obHque  surface  a  e,  pushes  it  ior  i 
the  direction  a.    The  same  remark  applies  to  eachf  i 
of  the  other  vanes  where  the  edges  b,  c  and  d  ar© 
in  front,  while  those  marked  by  the  fainter  liiiesf'  I 
are  behind.     The  law  of  the  "  decomposition  of- 
ferees," explained  at  page  80,  tells  in  what  propor-> 
tions  the  force  of  the  wind  is  exerted  to  pusli  the 
wheel  backwards  against  its  supports,  and  to  tui'B;  , 
it  round.  .  ■ 

Windmills  were  first  used  in  Europe  iu  the 
fourteenth  century.  They  are  still  of  great  im4'' 
portance  in  countries  where  there  are  no  waterfall^ 
and  little  fuel  for  steam  engines.  In  some  of  the 
richest  European  landscapes,  every  height  has  it* 
busy  windmill,  grinding  corn,  or  sawing  wood,  or 
pressing  oil-seeds  j  and  in  the  low  plains,  theyi 
pump  water,  or  incessantly  drain  the  land.  i- 

The  smoke-jack  of  our  chimnies  is  a  small 
windmill,  driven  by  the  ascending  current  of  ail** 
in  the  chimney. 

The  feathering  of  an  arrow  acts  in  part  on  thef 
principle  of  the  windmUl.  The  feathery  projec-J  "^ 
tion  from  the  shaft  is  not  quite  straiglit,  bufc ' 
winds  round  it  a  little,  hke  the  thread  of  a  screw  ^  I 
and  therefore,  the  arrow  constantly  turns  as  it  i 
flies,  and  goes  straight  to  its  object  although  thO' 
shaft  itself  be  bent,  because  any  deviation  ia 
constantly  correcting  itself 

It  might  be  supposed  that  a  wheel  which  the 
wind    turned    by  direct  action  on   the    rim,    as 
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tmnm  common  water-wfaedfl,  would  be  pfer 
ftnMe  to  the  common  windmiU-iriieel  tamed  bj 
ebUfue  action  on  the  £u;e;  and  accfxrding^,  a 
iHieel  like  a  water-wheel,  only  widi  broader  vane^^ 
haa  been  placed  in  a  honae  or  cover,  so  that  onfy 
one  side  was  exposed  to  die  wind ;  but  it  is  a 
poweriess  machine.  Although  the  oblique  vaned 
wheel  applies  to  use  only  half  perhaps  of  the  force 
of  the  air  which  reaches  it,  still  its  wide  expanse 
receives  a  stream  of  air  generally  of  thirty  feet 
in  diameter,  while  a  small  window  would  admit 
enough  for  a  wheel  of  the  other  constructian. 
.  T*here  are  situations,  on  the  other  hand,  where 
it  would  be  an  advantage  to  .make  water*wheels 
like  the  common  windmill-wheel,  viz.  where  the 
stream  has  slow  motion,  and .  is  deep  enough  to 
allow  the  whole  wheel  to  be  immersed. 

A  small  wheel  of  this  kiiid  with  broadar  vaBe» 
hlM  been  used  as  a  means  of  ascertaining  the.isBJbs 
of  a  ship's  sailing,  by  allowing  it  to  drag  a-stera, 
and  noting  the  number  of  revolutions  made  in  a 
given  time.     It  may  be  called  a  water-screw.   . . 

A  windmill-wheel  made  to  turn .  during  a  calm 
by  some  force  applied  to  its  axle,  would  be  pressed 
endways  or  in  the  direction  of  its  axle,  with'  a 
certain  proportion  of  the  force  used,  just  as  if 
the  wind  were  blowing  upon  it, — owing  to  the 
re-action  of  the  still  air,  through  which  its 
oblique  vanes  were  made  to  sweep.  Such  a  form 
of  wheel  fitted  to  work  in  water  has  been  applied 
at  the  bow  or  stem  of  steam-boats,  to  propel  them 
in  canals  where  there  was  no  room  for  side  wheels. 
But  as  from  tlie  obliquity  of  the  surfaces,  xmly 
part  of  the  power  is  used  to  propel,  while  the 
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remainder  is  wasted  in  the  lateral  strain  or  twist- 
ing of  the  water,  the  method  is  not  applicable  to  i 
general  purposes. 

Two  small  windmill-wheels  placed  horizontally  ] 
one  above  the  other,  and  made  to  turn  in  opposite  | 
ways  by  a  spring  or  otherwise,  would  rise  in  the  I 
air,  carrying  a  certain  load  with  them,  and  wouk^'l 
constitute,  therefore,  a  flying  machine. 

A  paper  kite  rises  in  the  air  for  the  same  reasonn 
;.  that  a  windmill  vane  turns.     Tte  ] 

cord  is  attached  to  it  so  as  to  make 
it  present  an  oblique  surface  to  the  I 
wind;  and  the  wind  acting  perpent  | 
diciilarly  to  its  surface,  it  rises  as  if  I 
pushed  up  in  the  direction  c  a,  at  \ 
drawn  up  in  the  direction  a  b.     A  kite  might  be 
made  large  enough  to  lift  a  man.    Cats  have  been  I 
sent  up  at  kites'  tails,  and  have  fallen  down  safely 
under  parachutes  from  the  greatest  elevations;  and 
perhaps  it  would  be  safer  for  a  man  to  rise  at  a  kite'a 
tail  to  reconnoitre  an  enemy's  position,  than  under  1 
a  balloon,  as  was  practised  by  the  French  during 
the  revolutionary  wars.     The  man  under  the  kite  , 
might  have  the  security  of  a  parachute,  and  pos-  I 
sessing  the  power  of  regulating  the  obliquity  of  J 
attachment  of  the  rope,  could  command  his  ascent  f 
or  descent  at  pleasure. 

The  effect  of  using  a  single  oar  from  the  stem  | 
of  a  boat  or  vessel,  to  propel  it  in  the  mannef  1 
called  sculling,  is  referable  to  the  law  now  under  I 
consideration.  The  oar  or  scull  is  made  to  vibrate  ] 
from  side  to  side,  and  in  all  its  positions  it  has 
its  pressing  surface  turned  obliquely  backwards; 
hence  the  re-action   of  the  water    propels   the 
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boat.! — III  China  large  vessels  are  moved  by  a 
single  sculliiig  oar,  resting  on  a  round-headed 
prop  or  nail  at  the  stem,  and  half  the  ship's 
company  may  be  urging  it  at  the  same  time.  A 
sculling  oar  may  be  regarded  as  a  single  vane  of 
ouch  a  propelling  wheel  as  above  described,  made 
to  awcep  across,  behind  the  vessel,  alternately  to 
the  light  and  to  the  left. 

The  action  of  a  fish's  tail,  and  of  the  bending 
of  an  eel  or  snake  in  water,  resembles  that  of  the 
sculling  oar.  Many  peojde  believe  that  the  tail 
of  the  fish  is  only  the  rudder  of  the  body,  as  is 
true  of  a  bird's  tail ;  but  it  is  in  fact  the  great 
instrument  of  motion,  while  the  fins  are  only 
used  to  steady  and  direct  the  motion, 

*'  Fluids  Ufted  in  opposition  lo  gravity'*     (See  the 
.  *'  analysis,  page  402.J 

Water,  as  we  have  seen  in  former  ])arts  of  this 
woi'k,  is  to  tlie  hving  universe,  what  the  blood  is 
to  the  annual  body,  and  a  constant  supply  and 
circulation  are  required.  This  tms  Iieen  provided 
for  to  an  extraordinary  extent,  by  the  operation 
irf  natural  causes ;  but  for  many  purposes  of 
iociety,  water  is  still  required  where  there  is  no 
natural  supply.  A  great  variety  of  means  have 
been  employed  for  raising  it,  some  of  which, 
sufficient  to  illustrate  the  whole,  are  now  to  be 
considered. 

A  bucket  attached  to  a  rope  may  be  pulled  up 
by  the  hand,  or  the  rope  may  be  woimd  round  a 
barrel  or  axle  by  means  of  a  winch — or  tliere  may 
be  a  succession  of  buckets  on  a  rope,  rising 
one  after  the  other,  and  descending  again  when 
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emptied,  on  the  opposite  ekle  of  the  wheel  which 
lifts  them :  the  rope  to  which  they  are  attached 
being  a  circle  or  endiess  rope,  and  constituting 

with  them  what  is  called  the  bucket  machine.     In-  J 

stead  of  buckets,  on  such  an  endless  rope  or  chain  m 

there  may  be  a  succession  of  flat  pieces  of  wood,  •■ 

which,  on  being  drawn  up  through  a  large  tube  or  fl 

barrel,  hke  loose-fitting  pistons,  will  raise  a  copious  '  I 

stream  of  water :  this  construction  is  called  the  I 

chain-pump. — Or  simply  an  endless  rope,  made  I 

of  hair,  and  very  rough,  may  be  whirled  quickly  I 

round  two  wheels  above  and  below,  and  a  mass  ■ 

of  water  adhering  by  friction  to  its  rising  half,  fl 

will  be  thrown  into  a  reservoir  at  the  top  where  it  ■ 

passes  over  the  upper  wheel.     Several  such  ropes  ■   I 

may  be  joined  side  by  side  to  increase  the  eflect.  I 
But  the  most  important  of  all  water-raising  en-«  Xm 

gines  are  the  It/iing  mid  forcing  pumps,  already  •% 

described  at  page  317.     They  are  used  to  draw  .% 

from  wells,  to  drain  mines,  to  send  a  supply  over  1 

cities  from  low  sources,  to  pump  ships,  to  throw  la 

water  from  fire-engines,  and  for  other  purposes-  ■ 

A  stream  of  water  may  pass  through  a  garden,  •■ 

or  in  the  midst  of  fields,  but  will  give  beauty  -J 

only  without  utiJity,  unless  it  can  be  employed  to  M 

irrigate  the  vegetable  creation  around.      In  the  ll 

fields  and  gardens  of  Persia,  where  the  heat  oi'  /I 

the  sun  is  very  intense,  the  streams  are  ingeniously  II 

made  to  lift  a  part  oi'  their  water  into  reservoirs,  •■ 

from  which  it  again  flows  in  sloping  channels  to  M 

wherever  it  is  required.     A  large  water-wheel  is  jfl 
placed  so  that  the  stream  turns  it,    and  on  its 
circumfei'ence   buckets  are  attached,  which   arc 
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filled  as  they  sweep  along  belowt  and  emptied 
into  the  reservoir  as  th^  pass  aboy€t—K>r  without 
buckets,  the  spokes  or  radii  of  the  wheels  «re 
made  hollow,  and  curved  as  here  represented^ .  so 

that  when  their  extremitiel^  dip 
into,  the  wat»  at  each  revolu* 
tion,  they  receive  a  quantify!  of 
it,  which  runa  along  them  as 
they  rise,  and  is  .  dischajiged 
into  a  reservoir  at  the  centre* 
These  are  called  the  Perma 
wheels^  but  they  are  in  common  use  on  tiie  banks 
ijf  the  Nile,  and  elsewhere. 

A  pipe  wound  upon  a  barrel  like  a  screwy  and 
its  lower  mouth  made  to  dip  into  water  at  .each 

revolution  >(if^4li6 
«lopmgbanel.»iU 
also  raise  water; 
the  lower  balves 
of  the  turning 
pipe  will  always  be  full  of  it,  and  it  will  be  ris- 
ing in  them  to  the  top,  as  on  an  inclined  plane. 
Archimedes  was  the  inventor  of  this  beautiiul 
water-screw,  and  has  left  his  name  to  it.  It  may 
be  turned  by  hand,  or  by  a  passing  stream  which 
acts  on  the  vanes  of  a  water-wheel  affixed  to  it 
Water  may  be  raised  by  producing  centrifugal 
force  at  the  upper  end  of  a  pipe  con- 
taining it.  Supposing  the  pipe  to  be 
bent  as  here  represented,  and  the  hori- 
zontal arm  a  to  be  turning  like  the  spoke 
of  a  wheel,  while  the  upright  portion 
is   kept  steady  like  an   axis,   if  -.  the 
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pipe  be  once  filled  with  water,  it  will  continue 
to  throw  out  a  constant  stream  from  the  end  a. 
There  may  be  several  horizontal  arms  from  one 
larger  upright  pipe,  all  emptying  themselves  inta    ' 
a  circular  trough   or  reservoir.      This  has  been- J 
called  tlie  centrifugal  pianp,  because  tlie  water  ^  I 
raised  in  b  as  in  a  pump,  by  the  pressure  of  tha  I 
atmosphere,  to  supply  the  place  of  that  which  ,»  1 
thrown    out  from  a.     The    velocity  of  rotation  I 
must  bear  proportion  to  tiie  height.  I 

It  had  long  been  observed,  in  household  experi-  I 
ence  and  elsewhere,  tliat  while  water  is  running  I 
through  a  pipe,  if  a  cock  at  the  extremity  be  sud-  I 
denly  shut,  a  shock  and  noise  aie  produced  there.  1 
The  reason  is,  that  tlie  forward  motion  of  the  I 
whole  water  contained  in  the  pipe  having  been  I 
instantly  arrested,  and  the  momentum  of  a  liqiii^  I 
being  as  great  as  oT  a  soUd,  the  water  strikes  tbf  I 
cock  with  the  same  force  as  a  sohd  lance  of  th#  1 
same  weight  and  moving  with  the  same  velocity).  I 
A  leaden  pipe,  if  of  great  length,  is  often  widene4  I 
or  burst  in  this  experiment. — Lately  this  forward  I 
pressure  of  an  arrested  stream  has  been  used  as.  ^  I 
force  for  raising  water,  and  the  simple  arranger    ■ 
ment  of  parts  contrived  to  render  it  available  lias 
been  called  the  water-ram.     It  may  be  described 
as  a  sloping  pipe  in  which  tJie  stream  runs,  having 
a  valve  at  its  lower  end,  to  shut  at  intervals,  and 
n.  small  tube  rising  from  neai-  the  end  to  a  reservoir 
above,  to  receive  a  portion  of  the  water  at  each 
shutting  of  the  valve.      Now  in  a  channel   ten 
yards  long,  two  inches  wide,  and  sloping  six  feet, 
water   allowed  to  run    for   one    second  acquires 
2  f2 
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momentum  or  force  enough  to  drive  about  half  a 
pint  of  water,  on  the  shutting  of  the  cock,  into  a 
tube  leading  to  a  reservoir  forty  feet  high.  Such 
an  apparatus,  therefore,  with  the  valve  shutting 
everj-  second,  raises  about  sixty  half  pints  or  four 
gallons  in  a  minute.  The  valve  is  now  ingeniously 
contrived  so  that  the  action  of  the  stream  itself 
works  it  a8  desired.  Suppose  this  figure  to  represent 
thelower  end  of  the  water-ram,  a  is 
tlie  opening  by  which  the  stream 
escapes  from  it,  and  the  valve  or 
seen  below  the  opening  is 
made  so  heavy,  that  the  stream 
must  run  for  a  certain  time  to 
acquire  force  enough  to  shut  it : 
in  the  instant  when  it  does  scs 
I  a  little  of  the  advancing  water  passes  upwards 
I  through  tlie  valve  b  towards  the  reservoir :  the 
water  in  the  main  pipe  having  then  become  stag- 
nant again,  has  no  longer  power  to  keep  the  valve 
shut,  which,  therefore,  falls  open  and  the  stream 
begins  again,  again  to  be  arrested ;  and  thus  as 
long  as  the  supply  lasts,  the  action  of  the  apparo- 
I  tus  continues.  Its  action  may  be  compared  to 
'  the  beating  of  an  animal's  pulse.  The  upright 
tube  is  made  wider  at  the  bottom  where  it  first 
deceives  the  water,  so  as  to  constitute  there  an 
ttir-vessel  A,  as  described  at  page  296,  which  by 
"the  air's  elasticity  converts  the  interrupted  jets 
first  received  into  a  uniform  current  towards  the 
Reservoir.  The  supply  of  air  to  this  vessel  is 
maintained  by  the  contrivance  called  a  STiifting 
vahe. 
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In  these  pages  on  the  doctrines  of  fluidity,  we 
have  had  to  touch  on  many  of  the  phenomena  of 
nature  and  art  which  are  the  most  important  to 
man ;  yet  we  have  seen  how  beautifully  intelligible 
the  whole  become  when  referred  by  a  methodical 
arrangement  to  the  few  fundamental  truths.  Each 
one  of  the  many  particulars  belonging  to  this  head, 
which  now  appear  so  obvious,  has  yet  been  a 
distinct  step  in  the  slow  progress  of  discovery  or 
invention,  which  when  first  made  has  perhaps  filled 
ingenious  mind  with  the  purest  delight* 
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SECTION  IV.— ACOUSTICS, 
OR  PHENOMENA  OF  SOUND  AND  HEARING^ 


•   ■  ■  ■  -  • 

•      ;      '  •   ■ 


AKALTSIS  OF  THtf  8CCTIOV* 

1.  Sou^D  is  heard  U)hen  a  sudden  ^oek  or  mpuh^  fs  gh^^ 
the  air  or  to  anj/  other  body  which  is  in  contact  direcUy  or 
indirectly  toith  the  ear. 

2.  If  such  impulses  be  repeated  at  very  short  intervals  the  ear 
cannot  attend  to  them  individually^  but  hears  them  as  a  con- 
tinued SOUND,  ijohich  is  grave  or  sharp,  according  as 
the  impulses  are  Jew  or  many  in  a  given  time* 

3.  When  the  number  of  impulses  producing  some  continued  sound 
has  a  simple  relation,  as  of  half,  thirds  fourth,  Sfc.  to  the  number 
producing  some  other  sound  ivhich  is  heard  either  simultaneously 
or  a  little  before  or  after,  the  ear  is  generally  much  and  pleas- 
ingly affected  by  the  circumstance  ;  and  such  sounds  are  said  to 
have  MUSICAL  relation  to  each  other,  or  to  be  concords, 
vohile  all  others  are  termed  discords. 

4.  The  trembling  which  causes  the  sensation  of  sound  spreads  or 
is  propagated  in  all  bodies  somewhat  as  a  wave  is  in  water,  with 
decreasing  strength  as  the  distance  increases,  but  with  a  velocity 
nearly  uniform,  and  which  in  air  is  \,\^2Jeet  per  second, 

5.  Sound  is  reflected  ^om  smooth  surfaces,  and  hence  arise 
many  curious  and  pleasing  effects,  called  echos,  S^c. 

6.  The  structure  of  the  ear  illustrates  the  laws  of  sound* 


Early  inquirers  into  nature  had  remarked  that 
in  every  instance  of  noise  or  sound  there  was  pre- 
sent a  shock  or  trembling  of  the  sounding  body, 
which  was  often  visible,  but  sometimes  only  sen- 


sible  to  the  touch,  or  discoverable  by  other  effects/ 
It  was  noted  in  the  string  of  a  harp  ;  the  reed  of  a '[ 
hautboy ;  the  prongs  of  a  tuning  fork  ;  the  lip  d£ 
a  bell.     But  it  was  reserved  for  the  moderns  to 
understand   fully,  that  the   animal   organ  called 
the  ear,  is  merely  a  structure  of  parts  admirably 
adapted  to  be  affected  by  the  concussions  or  trem-  , 
blings  of  things  around,  and  that  sounds  in  all 
their  varieties  are  merely  such  motions,  affecting 
the  ear  through    the    medium    of  the  air  which 
surrounds  us,  or  of  some  other  body  or  bodies 
which  connect  the  trembUng  thing  with  the  head  j 
in  which  the  ear  is  situated. 

The  delicacy  and  complicacy  of  an  orgad}  1 
destined  to  feel  and  to  distinguish  such  slight  I 
and  varying  influences,  and  the  unspeakable  im*»  1 
portance  of  it  to  man  as  the  means  by  whicli  lie 
receives  and  communicates  thought, — besides  itst  I 
being  the  ever-watchful  guard  which  warns  hicai  1 
of  surrounding  occurrences;  the  channel  by  whiclr  i 
the  fascination  of  music  enters,  &c., — render  this  j 
subject,  to  those  who  love  to  read  in  nature  the  | 
attributes  of  its  author,  a  most  favourite  study. 

Because  all  the  bodies  around  us  are  immersedjf  1 
in  common  with  ourselves,  in  the  ocean  of  aiir  I 
which  covers  the  earth,  we  are  much  more  fr&i  J 
quently  warned  of  the  shocks  and  tremblingy  j 
which  we  have  been  describing,  by  their  effect  oi»  I 
the  air,  than  in  any  other  way ;  and  hence  tbl^  | 
eariy  prejudice  tliat  air  was  necessary  to  sounds  j 
and  hence  the  reason  why  the  doctrines  of  sound!  J 
have  often  been  accounted  a  part  of  pneumaticflj  I 
We  shall  now  find,  however,  that  all  bodies  con*  I 
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voy  tliese  tremblings,  and  that  air  in  many  caSra 
is  neither  tiie  qiiickpst  nor  the  best  carrier.  Al- 
thougli  our  nations  on  the  subject  are  thus  cor- 
rected, it  is  still  convenient  to  consider  the  doc- 
tlrines  of  sonnd  in  this  place. 

1;  "Sound  w  heard  ivhen  any  sudden  shock  or  im- 
,  pulse  occurs  hi  a  Intdt/  having  communication  b'/ 
.    ifie  air  or  othci-vcise  -with  the  ear"     (Read  the 
analjjs'ts,  page  442.J 

■  Common  instances  of  a  single  impulse  are  — 
the  blow  of  a  lianmier — tiie  clap  of  hands — tlie 
crack  of  a  whip — a  pistol  sJiot— any  explosion — 
tile  thunder-clap. 

The  loudness  of  sound  conveyed  by  air  depends 
en  the  air's  density.  A  bell  enclosed  in  tlie 
receiver  of  an  air-pump  is  heard  less  and  less  dis- 
tinctly a3  the  air  is  exhausted,  and  in  a  vacuum 
is  not  heard  at  all. — The  blow  of  a  hammer  in  a 
vacuum  is  not  heard,  if  care  be  taken  to  prevent, 
the  shock  from  being  communicated  through, 
neighbouring  solid  bodies. — In  the  tiiin  air  sur- 
rounding  a  lofty  mountain-top  tlie  report  of  a 
pistol  is  much  less  loud,  and  human  voices  are 
weaker In  the  condensed  atmosphere  of  a  div- 
ing-bell a  whisper  is  loud. — When  volcanoes  and 
'  Tarious  resemblances  to  the  constitution  of  our 
earth  were  first  discovered  in  the  moon,  some 
persons  fancied  that  we  should  hear  the  thunder 
I  there  :~but  supposing  it  to  happen,  and  to  be  ever 
'  so  loud,  it  could  not  be  heard  on  earth,  because 
there  is  no  medium  to  bear  thither  the  pulses  of 
sound — there  is  a  vacuum  between. 
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4,  "Tmptdses  qvickl^  repeated  cannot  be  individuaUy. 

attended  to  hy  the  ear,  and  hence  they  appear  like 

a  continued  sound,   of  which  the  tone  depends  on 

the  member  qf  beats  in  a  giveji  tinie"     (Read  l/te 

analysis,  page  442.J 

A  wheel  with  teeth,  made  to  turn  and  to  strike 
a  piece  of  quill  with  every  tooth,  if  moved  slowly, 
will  allow  every  tooth  to  he  seen  and  every  hlow 
to  be  separately  heard ;  but  with  increasing  vela^ 
city  the  eye  loses  sight  of  the  teeth,  and  the  ear 
at  last  hears  only  a  smooth  continued  soiind, 
called  a  tone,  of  which  tlie  character  changes 
with  the  velocity  of  the  wheel. 

In  like  manner  the  vibrations  of  a  long  harp" 
string,  while  it  is  very  slack,  are  separately  visible," 
and  the  pulses  produced  by  it  in  the  air  are  scpa^ 
rately  audible ;  but  as  it  is  gradually  tightened, 
its  vibrations  quicken,  and  the  eye  soon  sees  only 
a  broad  shadowy  line  where  it  is  moving,  and  the 
distinct  sounds  which  the  ear  lately  perceived  run 
together,  owing  to  the  shortness  of  the  intervals; 
and  are  felt  as  one  uniform  continued  tone,  which' 
constitutes  the  note  or  sound  proper  to  the  string. 

It  is  the  elasticity  of  such  a  string  which  causes 
the  repetition  of  the  percussions,  and  thereihi"^' 
the  continuance  of  the  sound.  Thus  :-^the  string 
having  been  pulled  at  its  middle  to  one  side,  and  * 
then  let  go,  its  elasticity  carries  it  back  quickly ' 
to  the  straight  position  ;  but  by  the  time  that  it 
has  reached  this,  it  has  acquired  a  momentum 
which,  like  the  momentum  of  a  vibrating  pendu- 
lum, carries  it  to  a  distance  nearly  as  far  beyond ' 
the  middle  station,  as  that  from  which  it  came:' 


-^  It  has  to  return  therefore  from  tHi»  second 
deviation  in  t!ie  same  way,  by  tiie  action  of  its 
elasticity;  but  still  passing  the  middle  as  before, 
it  has  again  to  return,  and  thus  continues  vibratiilg 
as  a  pendulum  does,  untd  the  resistance  of  the  air 
and  the  friction  bring  it  gradually  to  rest. — As 
(he  vibrations  of  a  string  become  quicker,  tlie 
impulses  given  to  the  air  by  it  are  of  course  in- 
dividually more  forcible,  and  hence  tlie  sound 
becomes  louder.  Vibi-ations  which  are  few  and 
siow  strike  tlie  ear  very  gently,  as  in  the  flapping 
gf  a  pigeon's  wing,  or  in  the  play  of  a  switch, 
A  large  vibration  just  occupies  the  same  time  as 
a  smaller,  because  the  more  that  a  string  is  bent, 
the  more  forcibly  it  is  piUlcd  back  again  by  its 
elasticity :  hence  the  uniformity  of  a  musical  tone. 
From  the  resemblance  iu  the  motion  of  elastic 
bodies  to  that  of  a  pendulum,  almost  all  such 
may  be  made  to  repeat  an  impulse  once  given  to 
them,  and  thus  may  become  the  means  of  pro- 
ducing a  continued  sound. 

,  The  most  familiar  instance  of  sounding  vibration 
is  that  of  an  elastic  cord  extended  between  two 
.fixed  points,  as  in  all  stringed  instruments  of  music : 
but  it  is  producible  in  many  other  ways. — If  a 
solid  rod  of  steel,  glass,  or  any  other  elastic  sub. 

'Stance,  be  fixed  firmly  at  one  end  and  left  free  at 

the  other,  and  if  this  other  be  then  pulled  a  little 

f  •  to  one  side  of  its  station  of  rest,  and  be  suddenly 

let  go,  it  will  seek  its  station  again,  and  will  go 

■beyond  it  by  the  momentum  acquired  in  the  ap- 
proach: it  will  then  retuni,  and  continue  the 
vibratory  movement  for  a  long  time. — A  boy  at 
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School  Sticks  the  point  of  his  penknife  into  the 
bench,  and  hy  one  touch  makes  it  produce  a 
continued  unifonn  sound. — The  prongs  of  a  tua- 
ing-fork,  or  of  the  common  sugar-tongs,  vibrate 
and  sound  in  the  same  way. — In  the  musical 
snuff-boxes  and  chimney  clocks,  the  sounds  are 
produced  by  the  vibration  of  little  rods  of  steely 
fixed  at  one  end,  and  placed  together  like  the 
teeth  of  a  comb. — The  reed  of  a  clarionet  is  a  thin 
plate  of  elastic  wood,  made  to  vibrate  by  the 
passing  breath,  and  as  it  stops  the  current  of 
air  at  each  vibration,  it  produces  a  repetition  of 
pulses,  or  sound. — Elastic  rods  resting  on  supr- 
ports  at  both  ends,  or  suspended  by  tlieu-  middle 
will  also  vibrate.  A  musical  instrument  is  made 
of  pieces  of  glass  laid  upon  two  strings,  and 
Struck  by  a  cork  hammer.  In  the  island  of  Javai, 
a  rude  instrument  of  the  same  kind  is  made  of  , 
small  blocks  or  logs  of  hard  elastic  wood. — The 
half  of  a  hollow  sphere  of  elastic  metal,  very 
readily  takes  on  a  \'ibration,  in  which  its  form  is 
constantly  changing  from  the  perfect  round  t9 
the  oval  and  inversely  ;  there  is  consequently  ra- 
peated  percussion  of  the  air,  and  a  continued 
sound,  and  the  thing  is  called  a  beli.  It  admits 
of  variety  of  shape,  and  may  be  made  of  any  j 
elastic  substance,  as  metal,  glass,  earthenware  j 
(buyers  always  ring  earthenware  to  ascertain  i& 
soundness),  and  even  of  hard  wood.  The  Claneae 
gong  is  a  metallic  vessel  shaped  like  a  commffli  j 
sieve,  of  which  the  vibration  is  very  peculiar,  and 
the  sounds  rousing  and  sublime. — The  drum  has 
a  tense  elastic  membrane  on  which  the  blows  of 
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tKe  dnim-Sticlc  are  receivetl  ;  its  tone  ceaSSs' 
quickly,  because  tlie  motion  of  its  broad  surface  is 
much  resisted  by  the  air. — In  the  flute,  flageolet, 
organ  pipes,  &c.  the  air  is  forced  through  narrow 
passages,  and  is  divided  by  sharp  edges,  in  a  way 
to  suffer  constant  but  perfectly  regular  conden- 
sations or  interruptions ;  and  hence  the  endless 
variety  of  sweet  continued  sounds  which  tliese 
contrivances  are  known  to  produce. 

It  is  of  no  consequence  to  the  perfection  of  a 
tone  in  wliat  way  tlie  pulses  of  the  air  are  pro- 
duced, provided  they  follow  with  sufficient  regu- 
larity :  witness  the  pure  sound  produced  by  the 
motion  of  a  fly's  wing,  supposed  by  many  to  be 
the  voice  of  the  insect.  The  clacking  of  a  corn- 
mill,  or  the  noise  of  a  stick  pulled  along  a  grating, 
is  not.musical,  only  because  the  pulses  follow  too 
slowly.  It  is  because  elastic  bodies  vibrate  with 
the  regularity  of  the  pendulum  that  their  sounds 
are  so  uniform  and  clear. 

Where  a  continued  sound  is  produced  by  im- 
pulses which  do  not  follow  in  regular  succession, 
the  effect  ceases  to  be  a  uniform  sound  or  tone, 
Bud  is  called  a  noise. 

Sucli  is  the  noise  of  a  saw  or  grindstone — the 
roar  of  waves  breaking  on  a  rocky  shore,  or  of  a 
■violent  wind  in  a  forest — the  roar  and  cracking  of 
houses  or  a  wood  in  flames — the  mixed  voices  of 
a  talking  multitude — tlie  diversified  sounds  of  a 
great  city,  including  the  rattling  of  wheels,  the 
clanking  of  hammers,  the  voices  of  street-criera, 
the  noises  of  manufactories,  &c. :  these  elements, 
however,    at   last  mingle  with  such    uniformity. 
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that  the  combined  result  is  often  called  tlie  hum 
of  men,  from  analogy  to  the  smooth  mingling 
miniature  sounds  which  constitute  the  lium  of 
the  bee-hive. 

'* Grave  and  sharp  sounds"     (See  the  analysis.) 

The  difference  of  sounds  depending  on  the  dif-    , 
ferent  number  of  i-ibrations  of  the  sounding  body  - 
in  a  given  time,  divides  them  into  classes:  called  •! 
bass,  or  Ivx,  or  grave  notes,  for  the  slow  vibrations  ;  ' 
and  high,   or  shrill,  or  sharp,   for  those  that  are  kI 
quick. 

The  frequency  of  vibrations  in  strings  increases, , 
with  their  shortness,  lightness,  and  tension — for  ■ 
if  a  string  be  long  or  heavy,  there  is  a  greater  , 
mass    of  matter   to    move,    and    hence   a    slower  .| 
motion  j  and  if  a  string  be  slack,  the  force  which 
pulls  it,  when  bent,  back  to  the  straight  line,  is  so  ■ 
much  the  less.     It  is  found  that  a  string  of  half  a 
given  length,  or  of  one-fourth  of  a  given  weight, 
or  of  quadruple  tension,  vibrates  twice  as  fast  on 
any  of  these  accounts. 

These  truths  are  familiarly  illustrated  on   the 
violin.    The  low  or  bass  string  is  thick,  and  made  .| 
very  heavy  by  being  covered  with  metallic  wirej  , 
the  others  gradually  diminish  in  magnitude  and  . 
weight,  up  to  the  smallest  or  treble.     They  are  . 
tuned  to  each  other  by  being  attached  to  pins, 
which  on  turning  increase  or  diminish  their  tension  ; 
and  the  sound  produced  by  each  may  be  varied 
almost  to  infinity,  by  pressing  it  against  the  board 
in  any  place  with  the  finger,  and  thus  shortening 
the  vibrating  part. 


An  analogous  law,  iis  to  weight  and  dimension 
of  souniUng  bodies,  holds  with  respect  to  bells, 
glasses,  and  reeds,  and  enables  us  to  use  all  these 
in  the  construction  of  musical  instruments. 

S  "  fVken  smuUaneoiis  orjbllowing  sounds  iuive  sim- 
ple relations  to  each  other  in  the  number  of  vibra- 
tions constitiilhig  /hem,  as  of  half^  third,  fourth, 
S^.  in  the  same  time ;  /fc  ear  is  strongly  and 
pleasingly  affected  by  the  circumstamey  and  the 
soimds  are  said  to  be  musically  related  to  each 
other,  or  to  be  concords,  xvhile  all  others  are  called 
discords"     (Read  the  analysis,  page  4.4-2.J 

Now  that  we  undei-stand  the  nature  erf"  sounds, 
we  cannot  hesitate  to  believe  that  the  reason  ofthe 
ear  perceiving  the  relations  called  concords,  and 
having  pleasure  m  them,  is  because  the  pulses  of 
Buch  sounds  heard  togetlier  coincide  so  frequently. 
Jn  a  sound  in  whicli  tliere  are  tmce  as  many  beats 
as  in  another,  they  will  coincide  at  every  second 
beat  of  the  quicker :  if  they  be  as  three  to  one, 
every  third  beat  of  the  quicker  will  be  the  double 
one,  and  so  forth  ;  while  if  they  have  a  more  dis- 
tant relation,  as  of  nineteen  to  twenty,  the  coinci- 
dence occurring  only  once  in  twenty  beats  is  not 
perceived  at  all,  and  the  effect  on  the  ear  is  das- 
cordant  or  grating. — The  coincident  or  double 
pulses  of  two  concordant  sounds  become  the  ele- 
ments of  a  third  sound,  wJiich  is  always  heard 
with  them,  and  is  called  their  grave  harmonic. 
,  If  a  long  musical  string  be  made  to  sound,  and 
the  number  of  its  vibrations  in  a  given  time  be 
ascertained,  we  find  that  half  of  it  will  vibrate 


twice  as  fast ;  a  tliird  part,  three  times  as  fast ;  a 
fourth  part,  four  times  ;  and  so  on. 

If  the  string  of  a  violincello  be  made  to  vibrate 
by  moving  a  bow  very  gently  across  it,  near  the 
bridge,  there  is  heard  not  only  the  sound  or  note 
belonging  to  its  whole  length,  but  also  more 
feebly,  the  subordinate  notes  belonging  to  the 
half,  the  third,  the  fourtli,  &c.  beautifully  ming- 
ling with  the  first  sound,  and  forming  with  it  a 
rich  harmony.  If  the  bow  touch  very  lightly,  and 
very  near  the  bridge,  the  sweet  subordinate  sounds 
orten  swell  with  greater  force,  and  overpower  for 
a  time  the  fundamental  note ;  and,  at  that  moment, 
if  the  string  be  carefully  examined,  it  will  be 
found  to  be  vibrating,  not  as  a  whole,  but  in  two, 
three,  or  four  distinct  portions,  with  points  of  rest 
between  them  j  and  little  bits  of  paper  thrown 
upon  it  will  be  shaken  oif  from  every  other  part 
except  these.  These  harmonic  sounds  may  also 
be  produced  at  any  time  by  touching  the  string 
lightly  with  the  finger,  at  the  points  where  we 
wish  it  to  divide. 

The  sounds  thus  belonging  to  a  single  cord  or 
string,  and  produced  by  its  spontaneous  divisions 
into  different  numbers  of  equal  parts,  constitute, 
when  heard  together  or  in  succession,  the  simple 
music  of  nature  herself.  It  is  produced  pleasingly, 
as  just  described,  by  the  single  string  of  a  violin- 
cello,  but  in  the  most  perfect  manner  by  the  in- 
Btnunent  called  the  <^olian  harp. 

The  ^olian  harp  is  a  long  box  or  case  of  light 
wood,  with  harp  or  violin  strings  extended  on  its 
face.     These  are  generally  tuned  in  perfect  unison 
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with  each  other,  or  to  the  same  pitchy  as  it  is  ex- 
I  pressed  ;  but  when  the  harp  is  suspended  among 
ftrees,  or  in  any  situation  where  the  fluctuating 
Ihreeze  may  reach  it,  each  string,  according  to  the 
[  snanner    in  which    it  receives   the  blast,    sounds 
ather  entire  or  breaks  into  some  of  the  simple 
I  divisions  just  described  j  the  result  of  this  is  the 
[.production  of  the  most  pleasing  combination  and 
Lsuccession  of  sounds  that  fancy  has  ever  listened 
I  te  or  perhaps  conceived.    After  a  pause  this  fairy 
[  harp  is  often  heard    beginning  with  a  low  and 
I  Solemn  note,  like  the  bass  of  distant  music  in  tlie 
i  dcy  :  the  sound  then  swells  as  if  approaching,  and 
other  tones  break  forth,  minghng  with  the  first, 
and  with  each  other.     In  the  combined  and  vary- 
ing strain  sometimes  one  sweet  note  predominates, 
and   sometimes   another,    as  if  single  musicians 
alternately  led  the  band :  and  the  concert  often 
seems  to  approach  and  again  to  recede,  until  with 
the  unequal  breeze  it  dies  away,  and  all  is  again 
at  rest. — It  is  no  wonder  that  the  ancients,  who 
understood  not  the  nature  of  air,  nor  consequently 
even  of  simple  sound,  should  have  deemed  the 
music  of  the  /Eolian  harp  supernatural ;  and  in 
their  warm  and  chaste  imaginations,  should  have 
supposed  that  it  was  tlie  strain  of  invisible  beings 
from  above,  descended  in  the  stillness  of  evening 
or  night  to  commune  with  men  in  the  heavenly 
language  of  soul  intelligible  to  both.     But  even 
now  that  we  understand  it  well,  there  are  few  per- 
sons so  insensible  to  what  is  delicate  and  beautii'ul 
in  nature,  as  to  listen  to  this  wild  music  without 
emotion ;  while  to  the  inibrmed  ear  it  is  addition- 
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ally  ileUghtfiil  from  the  fine  illustration  which  it 
affords  of  tliose  simple  laws  of  sound  which  human 
ingenuity  at  last  has  traced. 

As  the  simple  scale  of  sound,  called  the  Ttmjor.  j 
chord,  which  nature  thus  gives  by  tlie  spontaneou*  I 
dividing    of    a    single    string,    has    considerahl»l 
vacancies  in    it,    human  taste   or  feeling,    lon^l 
before  there  was  any  theory  of  music,  had  joine^l 
to  the  notes  of  a  chief  chord,  tliose  of  two  othei*! 
nearly  related  to  it,    of  which  additional  uoteajy  I 
while  part  agreed,  or  were  in  unison  with    th^rl 
tones  of  the  principal  chord,  the  remainder  just' 1 
served  to  fill  up  its  larger  intervals,  and  to  conw  I 
plete  a  scale  of  gradual  ascent.     So  truly  naturai^l 
is  tlie  scale  thus  formed,  that  it  has  arisen  in  alkil 
nations,  however  remote  or  unconnected  ;  and  an-*^ 
untutored  individual,  in  attempting  to  raise  his 
voice    by  regular   steps,    falls    into  it  almost  as 
readily  as  the  learned  professor.     This  scale  has 
eight  steps  or  notes,  counting  from  any  priucipal 
or  fundamental  tone,  to  that  tone  above  it  which 
vibrates  twice  as  fast,  or  to  that  tone  below  it, 
which  vibrates  half  as  fast.     These  two  notes  are 
hence  called  the  octaves  above  and  below  the  key 
nole,    and  the    intermediate   notes  which  fill  up 
either    octave,    are  distinguished   as    the  second, 
third,  Jburth,  &c.     The  numbers  which  express 
the  relations  of  beats    among  the    notes   of  an 
ascending  octave,  are  1  §  ^  y  f  7    n'  2.     The 
scale,  however  far  extended,  is  a   repetition  of 
similar  octaves,    so  that  any  note  in  it  vibrates 
just  twice  as  often  as  the  corresponding  note  in 
the  octave  below,    and  half  as  often  as  that  io 
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the  octave  above.  The  lowest  note  wliich  is  per- 
ceptible to  the  human  ear  has  about  thirty  beats 
I  in  a  second,  and  the  highest,  about  thirty  thou- 
sand ;  and  there  is  included  between  these  two, 
A  range  of  nearly  ten  octaves.  To  certain  ears 
tile  extremes  of  tliis  range  are  inaudible,  for  some 
persons  do  not  hear  at  all  the  sharp  note  of  the 
I  grasshopper,  or  cannot  distinguish  between  the 
lowest  tones  of  an  organ  or  piano,  although  their 
perception  of  intermediate  sounds  is  very  perfect. 
Few  musical  instruments  comprehend  more  than 
Ux  octaves,  and  a  human  voice  has  usually  &om 
one  to  three,  tlie  male  voice  being  pitched  an 
bctave  lower  than  the  female. 

If  the  intervals  in  the  musical  scale  were  all 
equal,  a  performer  might  choose  indifferently  any 
note  as  a  fundamental  or  key  note,  and  would 
only  have  to  attend  to  the  intervals  above  and 
below,  according  to  their  number ;  but,  in  fact, 
the  third  and  seventh  intervals  in  ascending  from 
a  key  note  must  only  be  about  half  as  large  as 
the  others ;  hence,  in  changing  the  key  on  any 
instrument,  certain  notes  belonging  to  other  keys 
*  »re  half  a  note  too  ^fiai  or  too  sharp,  and  must  be 
changed  accordingly :  and  hence,  that  an  instru- 
wient  may  play  in  any  key,  all  its  larger  intervals 
1  «re  dii-ided  into  two  parts.  It  is  this  little  cir- 
■  tumstance,  ill  understood,  which  gives  a  false 
I  appearance  of  complicacy  and  difficulty  to  musical 
science. 

Melody,  in  music,  is  when  notes  having  the 
simple  numerical  relations  of  beat  which  we  have 
been  describing  are  played  in  succession :    Har- 


many  is  when  two  or  more  such  notes  arc  sounded 
together.  The  effect  of  both  is  delightfully  in- 
creased by  making  the  duration  correspond  with 
certain  regular  divisions  of  tmie.  This  gives  to 
the  ear  a  prescience,  to  a  certain  degree,  of  what 
is  coming,  and  the  pleasure  follows  of  liaving 
expectation  realized,  as  in  the  case  of  the  metre 
and  rhyme  of  poetry;  it  also  enables  the  memory 
to  retain  musical  combinations  of  sound — for  the 
airs  of  the  ^olian  harp,  which  observe  no  //me, 
camwrt;  be  repeated.  The  music  of  a  single  drum 
is  that  of  time  only. 

Melody,  karmmiy,  time,  aiwi  varying  ijitentky 
of  sound  are  the  four  constituents  of  music,  and 
it  seems  that  almost  every  state  of  mind  has  in 
some  combination  of  these,  an  appropriate  ex- 
pression, intelligible  to  the  general  feeling  of  the 
human  race.  The  exact  relation  between  the 
movements  of  the  animal  spirits,  as  it  has  been 
expressed,  or  the  fluctuating  stream  of  excited 
feeling,  and  the  varying  flow  o^f'  sound  in  a  musical 
composition,  is  not  well  understood,  but  the  fact 
of  their  correspondence  and  its  consequences  are 
most  remarkable.  Under  many  circumstances  the 
association  between  the  feeling  and  the  musicd 
expression  is  so  strong,  that  the  latter  is  often 
spontaneously  betraying  itself; — witness  the  tU^ 
most  constant  humming,  or  low  song,  of  sointf  I 
contented  bwngs — the  singing  and  whistling  Olf  I 
careless  chUdhood,  and  of  the  light-hearted  rustic  \ 
wbo  lives  among  the  beauties  of  nature  —  the 
heart-rousing  strain  of  the  hiuiter  or  warriw — the 
tender  expression  of  many  of  the  modifications 
2g  2 
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of  anxiety  and   sorrow. — And   the   musical  seii- 
[  ubilities  are  by  no  means  confined  tu  man,  for 
[  Aere   is   no  expression  more   exquisite  than   in 
[ '  the  song  of  tlie  nightingale  during  the  evenings 
r  of  spring,  or  of  the  thrush  and  blackbiid,  amid 
the    quiet   retreats    of  our  woodlands ;    and   the 
music  of  these  untutored  songsters  contains  tlic 
same  elements  of  expression  as  our  own, 
I  '    The  accompanwie7ii  of  an  air  wliich  is  afforded 
to  a  singer  by  one  or  more  instruments,  and  which 
'  18  so  pleasing,   is  chiefly  the  sounding  simulta- 
neously, in  a  subdued  manner,  the  other  notes  of 
[  the  chords  to  wiiich  the  several  vocal  notes  belong. 
Jhietts  and  more  complicated  concert-pieces  spring 
,  from    the   same    source  :    and    highly  cultivated 
[  musical  sense  can  even  follow  and  enjoy  several 
melodies  played  together. 

Musical   notes,   by  whatever  instrument  pro- 
\  duced,  have  to  each  other  the  same  numerical 
I  }'elatious  in  the  beats  or  vibrations  which  consti- 
tute them.    The  different  qualities  of  tone,  there- 
fore, from  different  instruments,  can  only  depend 
I'^n    the    peculiarities    of  the  single  beats,    as  to 
V'hether  tliey  are  sharp  or  soft,  strong  or  weak, 
.     Such  is  the  extraordinary  nicety  of  percep- 
tion which  the  ear  possesses  in  this  respect,  that 
I  it  can  not  only  distinguish  different  kinds  of  in- 
struments playing  the  same  note,   but  different 
instruments  of  the  same  kind,  even  to  the  extent, 
for  instance,  of  recognising  each  one  of  a  hundred 
human  voices  singing  the  same    strain.     One  of 
the  greatest  charms  of  concert  music,  is  that  the 
voice  and  the  different  instruments  may  take  up 
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successively  the  parts  of  the  strain  suitable  to  thrac 
individual  expression — the  flute  and  clarionet,  foB  ] 
instance,  breath  softness ;  the  trumpet  and  drum  j 
arouse ;    the  harp  rolls  out  its  brilliant  chords  ^, 
the  violin  leads  tlie  flowing  sound  through  rapid  I 
and  endless  variety ;  and  so  of  the  rest  \  \ 

That  there  might  be  correspondence  in  instruif  \ 
ments  when  played  together,  and  a  known  pitch  I 
when  jilayed  apart,  it  became  necessary  to  fix  015  ( 
some  tone  or  number  of  vibrations  as  a  point  oi  n 
comparison.  Hence  twiing-Jbrks  have  been  made] 
with  length  of  prongs  calculated  to  produce  soma  I 
certain  note  ;  and  the  note  of  the  same  name  ad'\ 
any  instrument  being  tuned  in  unison  with  thiJ^ 
the  others  are  easily  adjusted,  according  to  tliftj 
harmonic  relations  above  explained.  (1 

Almost  ev'ery  substance  or  conti'ivance  that  ca»]!j 
produce  a  uniform  continued  sound  may  enteit.T 
into  the  composition  of  a  musical  instrument  SJ 
hence  the  almost  endless  variety  which  the  worlei 
has  seen.  The  chief  classes  are  stringed  iiistrm  ^ 
TtientSi  'wind  instrumenis,  and  bells  or  rods.  \' 

Of  the  stringed  instruments,  we  may  mention 
the  harp,  the  lifre  or  lute,  the  guitar,  the  violin 
of  all  sizes,  and  the  piano-forte.     The  haq),  lyre 
and   lute  were  the  inventions  of  antiquity,   and 
have  brought   down  with    them  to  the  preseid,  1 
times,  a  thousand  delightful  associations.     Thtgr  B 
awakened  to  inspiration  the  bards  and  poets 
the  young  world,  and  they  were  the  beloved  com*! 
panions  of  many  of  the  noblest  minds  of  succeed* 
ing  tiraes.     Their  great  charm  was  in  their  power 
to  iieightcn  the  emotions    produced   by  music's 
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t*dn  sistCT  poetry ;  and  the  effects  seem 
been  magical. — The  other  instruments  mentioiied 
are  of  comparatively  modern  invention,  particu- 
larly the  piano-forte ;  and  their  perfection  has 
issisted  in  carrying  the  practice  of  music  to  de- 
grees of  complicacy  and  difficulty,  of  which 
antiquity  dreamt  not.  It  is  a  question,  however, 
■whether  the   style  of  the  music    now  in  vogue 

',  prove  not  rather  a  degeneracy  than  a  desirable 
tetinement  of  musical  taste.  Music  is  a  language 
of  nature,  intelligible  at  once  to  all  susceptible 
minds,  and  in  a  degree,  even  to  inferior  animals } 
but  modern  art  is  attempting  to  make  of  it  an 
artificial  and  conventional  language,  in  which 
there  may  be  fashion  and  change.  Its  orna- 
ments and  accompaniments  are  now  often  so 
overwhelming,  that  the  melody,  in  which  the  idea 
and  sentiment  really  reside,  is  almost  lost ;  and 
the  unpractised  ear,  particularly  if  listening  to 
»n  organ,  oflen  discovers  only  an  unmeaning  suc- 
cession of  chords.  And  when,  in  singing,  the 
natural    simplicity  of  melody   is  abandoned,    by 

'  straining  to  execute  with  the  voice  the  complicated 
movements  which  belong  properly  to  instrumental 
accompaniment,  the  attempt  destroys  the  poetry, 
by  either  rendering  the  words  inaudible,  or  sacri- 
ficing their  natural  espresRion  to  some  supposed 
appropriate  expression  of  the  ornamental  music. 
These  considerations  may  account  in  part  for  the 
insensibility  of  so  many  persons  to  what  is  now 
called  excellent  music  ;  while  it  must  be  allowed 
that  the  changed  state  of  society  has  also  its 
influence.     Music    is   an  appropriate    expreafeion 
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rather  of  the  high  mental  excitement  which  ex- 
isted among  the  wars,  and  contentions,  and  un- 
certainties of  the  ancient  Greek  states,  than  of 
the  calm  confidence  and  security  wliich  attach  to 

modern    civihzation The  tricks    on  the  voice 

and  on  instruments,  now  so  common,  rank  truly 
with  tumbhng  and  rope-dancing,  and  are  no  more 
natural  music  than  these  are  graceful  gesture. 
And  when  we  hear  noted  professors  avow  tlieir 
inability  to  sing  a  simple  ballad,  or  to  play  an 
unadorned  inelody,  may  we  not  conclude  that  the 
natural  sense  of  music  has  left  them,  as  the  relish 
for  nature's  fare  has  left  the  morbid  epicure  ? 

The  guitar,  as  affording  an  accompaniment  to 
vocal  music,  has  many  advantages.  It  is  not  too 
loud,  although  the  strains  are  distinct :  it  admits 
of  very  touching  expression ;  it  is  very  easily 
learned  by  all  who  should  attempt  to  learn  music 
at  all ;  it  is  portable  and  cheap.  The  great  facihty 
of  accompaniment  on  it  depends  on  this,  that  the 
player  is  able  by  one  position  of  the  hand  to 
touch  the  strings  so  that  the  sounds  of  all  shall 
belong  to  the  same  chord  :  —  three  positions, 
therefore,  for  one  key,  produce  all  the  notes  and 
chords  which  a  simple  accompaniment  requires ; 
and  the  hand  soon  lalls  into  these  so  readily,  that 
the  player  is  hardly  sensible  of  exerting  volition. 

JVtnd  itisinanents  are,  the  Jlale,  the  Jlageolet, 
the  organ,  the  clarionet,  the  hautboy,  the  horn, 
the  trumpet,  &c.  The  pitch  or  tone  of  a  wind 
instrument,  just  as  of  a  musical  string,  depends 
upon  its  length ;  and  the  vibrations  causing  the 
sound  seem  to  be  waves  or  condensations  of  air 
'l  G  't 
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passing  irom  the  mouth  to  the  extremity  of  the 
tube,  and  back  again ;  which  arc  therefore  more 
frequent,  as  the  tube  is  shorter.  It  appears  also, 
that  on  blowing  more  strongly,  the  air  in  the  tube 
divides  into  separate  vibrating  portions,  as  a  string 
divides,  and  produces  thus  all  the  harmonic  sounds 
belonging  to  the  fundamental  note.  By  blowing 
into  a  common  German  flute,  for  instance,  it  is 
possible  to  produce  five  ascending  harmonics 
without  moving  the  fingers  at  all.  The  music  of 
a  trumpet  is  limited  to  these  five  notes ;  but  in 
the  flute,  and  other  instruments  with  holes,  the 
effective  length  of  the  tube  is  calculated  from 
the  upper  end  to  the  nearest  hole  left  open  ;  and 
each  length  has  its  harmonics. — The  sounds  of 
the  human  voice  are  the  sweetest  of  all,  and  are 
produced  by  the  vihrationa  of  two  delicate  mem- 
branes, placed  at  the  top  of  the  windpipe,  with 
a  slit  or  opening  left  between  them,  called  the 
glotlis,  for  the  passage  of  the  air.  The  tones  of  the 
voice  are  grave  or  acute,  according  to  the  vary, 
ing  tension  of  these  membranes,  and  to  the  size 
of  the  opening. — In  the  organ  there  is  a  pipe  for 
every  note,  and  wind  is  admitted  to  the  pipes  by 
the  action  of  keys,  like  those  of  a  piano-forte. 
The  organ  may  be  played  also  very  perfectly  by 
a  barrel,  made  to  turn  slowly  under  the  keys,  and 
having  pins  projecting  from  it  at  the  required 
situations  to  lift  the  keys  in  passing.  Very  com- 
plicated pieces  of  music  are  thus  set  on  barrels, 
but  at  great  cost  of  study  and  labour,  and  there- 
fore of  money :  now  a  plain  barrel,  made  to  turn 
near  the  keys  of  an  organ  during  performance  on 


it  by  the  hands,  might  be  made  to  record  with' 
mathematical  accuracy  every  touch  of  the  most 
finished  player,  by  receiving  marks  from  tlie  keys 
as  they  rose :  and  to  repeat  any  performance,'  ' 
therefore,  however  delicate  and  exquisite,  it  would 
only  be  necessary  to  drive  pins  into  the  barrel 
where  the  marks  remained,  and  to  make  thesti 
afterwards  lift  the  keys.  The  author  does  not 
know  that  tliis  thought  has  ever  been  acted  on,'  < 
or  indeed  has  ever  occurred  before. 

Belis  are  often  conjoined   in  sets   having  the  'I 
musical  relations,  and  their  music  to  some  persons 
is  very  agreeable.     There  is  a  loudness  and  solem- 
nity in  the  tolling  of  a  single  bell  which  makes  it 
a  fit  accompaniment  of  funereal  rites. 

The  Chinese  gong  partakes  of  the  nature  both' 
of  a  bell  and  of  a  great  drum,  and  has  something 
in  its  sound  which  is  singularly  affecting.     In  its 
own  country  it  bears  a  part  in  one  of  the  most ' 
imposing  religious  ceremonies  which  man  has  ever 
imagined.    On  certain  festivals,  as  the  sun  is  sink- 
ing in  tlie  west,  the  whole  population  of  China, —  ' 
a  host  of  a  hundred  millions, — issues  forth,  under"  '| 
the    single    canopy  of  heaven,    to  testify,    amiJ  ' 
the  thiinder  of  gongs  and  the  continued  discharge- 'I 
of  fire-works,  that  adoration  and  gratitude  towards 
the  Deity,  which  human  nature,  when  undepraved? '' 
always  feels,  and  eagerly  seeks  to  express,  however*'] 
blind  as  to  the   sublime   simplicity  of  religiou?* 
truth. 

Glass  bells  or  goblets  sound  still  more  perfecti)'';'! 
than  those  of  metal,  and  by  gentle  friction  on  thcif '■ 
edges  with  a  bow  or  the  wetted  finger,'  their  tone**  I 
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may  be   continued   for  any  length  of  time,  and 
may  be  made  to  swell  and  diminisli  like  the  human 
voice  or  the  notes  of  a  violin.     A  set  of  glasses, 
therefore,  attuned  to  each  other,  according  to  the 
harmonic  scale,    becomes  for  ceitain  species  of 
music,  the  most  perfect  of  all  instruments.     It  ia 
in  fact  an  ^olian  harp  at  command.    Dr.  Frank- 
lin tirst  constructed  a  set;  and  he  doubled  the 
long  line  of  glasses  upon  itself,  and  placed  the 
half-notes  as  outside  rows.     The  author,  however, 
during   some    experiments  on  sound,   found  the 
'  sig-xag  arrangement  here  represented  to  possess 
many  advantages.   The 
^  ^    \3 "     small  open    circles  re- 
'^fn  Si        present  the  mouths  of 
tlie  glasses  standing  in 
a  box  a  b  c,  and  the 
relation  of  the  glasses 
to  the  written  musical 
notes  is  shewn  by  the 
common     music     lines 
and  spaces  which  coor 
nect  them.     The  learner  discovers  immediately 
that  one  row  of  the  glasses  produces  the  notes 
■''Written  upon  the  lines,    and  the  other  row  the 
notes  written  between  the  lines;  and  he  is  mentally 
master   of  the  instrument   by  simple  inspection. 
This  arrangement  renders  tlie  performance  also 
-"very  easy,  for  the  notes  most  commonly  sounded 
I  in  succession  are  contiguous.     And  the  relations 
-  of  the  notes  forming  a  tune  are  so  obvious  to  the 
eye,  that  the  theory  of  musical  combination  and 
accompaniment  is  soon  learned,  so  as  much  to 


facilitate  the  practice.  The  set  of  glasses  here  r©, 
presented  has  two  octaves,  and  with  the  additional  I 
fiat  seventh  and  fourteenth,  seen  at  a  and  c,  it  i^  I 
capable  of  playing  the  greater  part  of  our  simple  1 
melodies.  The  player  stands  at  the  side  of  thfi(  J 
box  between  a  and  b,  and  has  the  notes  ascending  J 
towards  the  right  hand,  as  in  a  piano-forte.  ,^,  I 

Musical  ear.  '  I 

Philosophers  have  not  yet  been  able  to  account  I 
for  a  remarkable  ditference  among  individuals,  as  ' 
regards  their  perception  of  the  musical  relations 
of  Bounds.     Many  persons,  without  understanding 
anything  of  acoustics,  can  still  tell  instantly  whe- 
ther various  notes  heard  together  or  in  succession* 
have  the  relations  to  each   otlier  wluch  we  caU 
musical,  and  which  we  know  to  depend  on  the  1 
comparative  numbers  of  beats  in  a  given  time  j  ^ 
and  there  are  others  with  an  equally  perfect  sense 
of  hearing,  who  can  form  no  judgment  on  the 
subject.     The  former  are  said  to  have  a  musical 
ear,  and  the  latter  to  want  it.     Cultivation  will 
raise  mediocrity  to  considerable  expertness,  but 
cannot  bestow  the  faculty  where  it  is  absent. — p 
There  is  a  misconception  on  tliis  subject,  whicl^  I 
is  a  source  of  mortification  to  many  on  one  side,  | 
and  a  cause  of  arrogance  to  many  on  the  other. 
We  hear  it  said,  tliat  the  possession  of  a  musical 
ear,  or  the  power  oi  distinguishing  notes,  is  the 
indication  of  all  the  finer  sensibilities  of  the  mind, 
while  the  want  of  it  proves  an  opposite  deficiency} 
and  Shakspeare's  opinion  of  him  "who  has  not 
music  in  his  soul,"  is  often  triumphantly  cited  as 
applicable  to  all  who  want  the  distinguishing  ear. 


Now,  in  truth,  many  of  those  who  signally  excel 
as  musicians  are  deficient  in  almost  all  else  that 
humanity  reveres,  while  many  who  have  no  musical 
discrimination  are  otherwise  examples  of  excel- 
lence, and  may  be  exquisitely  sensible  to  other 
beauties  and  harmonies  of  nature  even  as  regards 
sound.     They  are  not  deaf,  tor  instance,  to  the 
music  of  spring,  when  all  nature  bursts  forth  in 
L  voice  of  rejoicing,  or  to  the  awful  music  of  the 
I  storm  : — they  feel  the  music  of  silence  in  a  lone 
[  wood,  after  being  accustomed  to  the  unceasing 
stir  of  multitudes — or  of  the  stillness  of  night  in  a 
great  city,  where  the  astronomer  contemplating  the 
wondrous  spheres  above,  hears  only  tlie  tongues 
of  passing  time  in  the  church-towers,  or  the  call 
of  watchmen,    faintly  sounding  in  the  distance. 
Many  excellent  poets  have  had  no  musical  ear. — 
Often  the  charm  of  music  is  as  much  from  early 
\  associations  as  from  peculiar  aptitude  in  the  in- 
[  dividuals.      The  effects    are  well  known  of  the 
'  Swiss  airs,  when  heard  by  native  Swiss  in  foreign 
fends ;  and,  indeed,  of  the  national  melodies  of 
I  all  countries — for  it  is  not  in  nature,  tliat  at  any 
I  period  of  life,  or  in  any  clime,  a  man  should  cease 
I  to  deem  those  modulations  lovely  which  in  his 
I  infancy  and  childhood  he  learned  from  a  mother's 
I  voice  :  the  mother  whose  affection  was  so  long 
I  bround  him  as  a  shield,  whose  tears  fell  to  chide 
[  tiis  errors,  and  to  reward  where  there  was  pro- 
[  liiise  of  virtue,  whose  steady  judgment  was  his 
f  guide,  whose  faultless  lile  was  his  example,  and 
[  %ho  in  all  things  to  him  was  the  personification 
'  it»f  God's  goodness  on  earth. 
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It  is  the  prejudice  with  respect  to  musical  ear 
and  musical  taste  of  which  we  are  now  speaking, 
which,  in  the  present  day,  condemns  many  young  | 
women  possessed  of  every  species  of  loveliness  i 
and  talent  except  that  of  nole-disihguisfting,  to 
waste  years    of  precious  time  in  an  attempt  to  ] 
acquire  this  talent  in  spite  of  nature ;  and  when  I 
they  have  succeeded  as  far  as  they  can,  they  have 
only  the   merit  of  being  machines ;    their   per» 
formance   is  still  as  little  pleasing  to  true  judges,  I 
as  would  be  the  attempt  of  a  foreigner,  knowing  J 
only  the  alphabet  of  a  language,  to  recite  pieces  ( 
of  expressive    poetry   in  that   language.       Such 
persons,  when  liberty  comes    to  them  with  age  j 
or    marriage,    generally    abandon    the    offensive  | 
occupation ;    but  tyrant  fashion  will  have  theit  j 
daughters  to  run  the  same  course.     The  waste.  I 
of  time  now  spoken  of,  is  only  one  of  many  evil  I 
consequences  which  arise  from  the  prevaUing  false  J 
notions  with  respect  to  music,   but  the  subjectj 
cannot  be  farther  entered  upon  in  this  place.        [_T 

"  The  iremhling  xchich  causes  the  sensation  of  soun^X 
spreads  in  all  bodies,  solid  or  Jluid.  (Read  the\ 
analysis,  page  44'2.) 

As  air  consists  of  material  particles  held  farJ 
apart  from  each  other  by  the  repulsion  of  heat 
among  tliem,  we  can  conceive  how  an  impulse 
given  to  a  certain  portion  of  the  particles  is  trans- 
mitted to  those  beyond,  by  the  increase  of  repul- 
sion as  they  approximate  j  and  from  the  second 
layer  in  the  same  manner  to  a  third,  and  so  on. 
And  as  in  fluids  the  particles  all  mutually  rest 
against,  or  repel  each  other,  we  can  conceive  why 
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m  motion  producpfi  in  any  part  of'  a  mass  should 
be  felt  in  every  direction.  The  exploaion  of  gun- 
powder, in  which  there  is  an  instant  formation  of 
B  quantity  of  air,  gives  a  shock  all  round  which 
spreads  as  a  spherical  wave  to  a  great  distance. 

Altlioiigh  material  particles  in  the  form  of 
liquid  or  solid  are  so  much  nearer  to  each  other 
than  in  the  form  of  air,  we  still  have  many  proofs, 
as  stated  at  page  S28,  that  they  are  not  in  absolute 
contact,  and  we  therefore  see  the  reason  why  the 
impulses  producing  sound  shoidd  be  transmitted 
through  a  Hqiiid  or  solid  as  through  air,  and  even, 
more  quickly  and  forcibly  than  in  air. 

Instances  of  air  carrying  sound  were  given  at 
page  4'I-4. — As  further  examples,  we  may  cite  the 
cases  of  what  are  called  sympathetic  sounds.  Every 
clastic  body  being  sonorous,  that  is  to  say,  being 
fitted  to  tremble  when  struck,  with  a  certain  fre- 
quency of  oscillation,  depending  on  its  weight 
and  shape,  if  the  air  around  it  be  made  to  tremble 
by  any  cause,  in  a  tone  which  it  is  fitted  to  take 
on  or  produce,  it  immediately  begins  to  tremble 
in  unison  ;  and  its  motion  or  sound  will  continue 
after  the  original  cause  has  ceased. — Almost  any 
sound  produced  near  a  piano-forte  with  the  damp- 
ers raised  finds  a  responsive  string.  Bits  of  paper 
Btrewed  upon  the  wires  are  soon  shaken  off  by 
those  returning  unisons  or  octaves  to  any  tone 
sounded  in  the  vicinity,  but  remain  on  the  others. 
—A  harp  or  guitar  in  a  room  with  talking  eom^ 
pany,  is  often  mingling  a  note  with  their  conver- 
gation. — Wine  glasses  or  goblets  may  be  made  to 
tremble,  and  even  to  fall  from  a  table,  by  sotmding 
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the  note  accordant  to  their  own,  on  a  violincello 
near  tliem. 

Sounding  bodies  vibrate  much  more  quickly, 
or  have  sharper  tones,  if  placed  in  light  hydrogen, 
than  in  common  air ;  and  more  quickly  in  common 
air,  than  in  any  of  the  heavier  gases :  because  the 
lighter  the  air,  the  less  is  the  resistance  to  a  body 
moving  in  it. 

,That  water  is  also  a  vehicle  of  sound,  is  proved 
in  the  distinctness  with  which  the  blows  given  by  . 
workers  around  a  diving-bell  are  heard  above,  and 
by  the  fact  that  fishes  hear  verj^  acutely,  &c.  A 
bell  will  ring  under  water,  but  it  produces  a  much 
graver  sound  than  in  the  air. 

The  following  are  instances  of  sound  conveyed  , 
by  solids. — A  scratch  of  a  pin  at  one  end  of  a  log 
of  wood  is  distinctly  heard  by  the  ear  applied  at  i 
the  other  end,  although   through  the  air  it  is  not 
at  all  audible. — Savages  often  discover  the  proxU 
raity  of  enemies,  or  of  prey,  by  applying  an  eaf  '^ 
to  the  ground  and  hearing  their  tread. — The  ap- 
proach  of  horsemen  at  night  is  easily  discovered 
in  the  same  way. — The  report  of  a  cannon  placed 
on  ice  is  carried  much  farther  by  the  ice,  than  by 
the  air  around. — The  awful  muttering  of  earth- 
quakes is  merely  sound  of  subterranean  explosionsr 
conveyed   by  tlie  solid  earth  from  amazing  dis-  i 
tances. — In  the  military  operation  of  mining,  of  i 
cutting  a  way  under  ground  for  the  purpose  of  J 
entering  a  citadel  or  blowing  up  fortifications,  the  J 
approach  of  the  enemy  is  often  discovered  by  the  I 
subterranean  sound  of  the  pioneers'  tools. 

The  readiness  with  which  solids  receive  and 
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transmit  sound  is  further  seen  in  the  fact,  thai;  a 
small  musical  box,  if  held  in  the  hand,  is  scarcely, 
audible,  but  if  pressed  against  a  table  or  a. door, 
rivals  a  little  harp.  The  vibration  communicated 
from  the  box  pervades  the  whole  of  the  wood,  and 
the  extended  surface  then  acting  on  the  air  in- 
creases the  effect.  The  construction  of.  violins^ 
harps,  guitars,  &c.,  and  of  sounding-boatds  gener 
rally,  is  governed  by  the  same  law.  In  t^e 
dancing-master's  kit  or  small  fiddle,  which  he  car-i 
ries  in  his  pocket,  there  are  the  same  strings  and 
the  same  bow  as  for  a  violin,  but  it  has  very  little 
sound,  because  the  extent  of  its  surface  is  so  smalls 
A  heavy  piece  of  metal  called  a  sourdine,  when 
fixed  upon  the  bridge  of  a  violin,  damps  the 
sound,  because  it  is  a  dead  mass  resisting  the 
motion  of  the  elastic  wood. 

It  is  easy  to  ascertain,  whether  a  kettle  boils,  by 
putting  one  end  of  the  poker  on  the  lid  and  the 
other  end  to  the  ear :  the  bubbling  of  the  water 
appears  louder  than  the  rattling  of  a  carriage  in 
the  street.  A  slight  blow  given  to  a  poker,  of 
which  the  end  is  held  to  the  ear,  produces  a 
sound  which  is  even  painfully  strong. 

The  fact  of  solids  conveying  sound  so  much 
more  perfectly  than  air,  has  lately  been  applied  in 
medicine  to  useful  purposes.  Dr.  Laenec  of  Paris 
proposed  some  years  ago  to  listen  to  what  was 
going  on  in  the  interior  of  the  body,  and  of  the 
chest  particularly,  by  applying  one  end  of  a 
wooden  cylinder,  which  he  called  a  stethescope  or 
chest  inspector^  to  the  suiface,  and  resting  ihe  ear 
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against  the  other  end.     The  results  of  this  happy 
thought  have  been  very  important. 

The  actions  going  on  in  the  chest  are,  the  eiv  i 
trance  and  exit  of  the  air  in  respiration,  the  voi^i^ 
and  the  motion  of  ti\e  blood   in  the  heart  an4  ' 
blood-vessels ;    and    so    perfectly   do    all    thes* 
declare  themselves  to  a  person  listening  througjt 
the  stethescope,  that  an  ear  once  familiar  with  th* 
natural  and  heaithy  sounds,  instantly  detects  cer-  \ 
tain  deviations  from  thein.    Hence  this  instrument 
becomes  a  means  of  ascertaining  diseases  in  th# 
cheat,  and  their  varieties,  almost  as  certainly  99 
if  there  were  convenient  windows  for  visual  ia>  < 
spection.    And  when  it  is  considered  that  a  fourth  | 
or  fifth  part  of  tlie  inhabitants  of  Europe  die  oi 
chest  diseases,  such  as  inflammations,  abscassea^ 
cooamQptions,  dropsical  collections,  aneurisms  au4  ' 
other   affections  of  the  heart  and  blood-vessels, 
each  of  which  requires  an  appropriate  treatments 
the  importance  of  the  stethescope  may  be  judged 
of.     By  many  medicaJ  men  this  instrument  wa| 
ridiculed  at  first  as  quackery  and  nonsense,  an4 
very  many  have  yet  to  learn  the  use  of  it.     May 
not  both  of  tiiese  facts  be  attributed  to  the  error 
which  has  existed  in  medical  education  up  to  tb* 
present  time,  of  leaving  a  majority  of  professional 
men  without  that  knowledge  of  the  general  lawj 
of  nature,  which  should  enable  them  to  appreciate 
at  once  any  means  likely  to  be  useful  in  their  ar^ 
from  whatever  quarter  it  may  be  offered  ? 


"  Vdocily  of  sound" 
The  velocity  of  light  i 


(See  the  analysis.) 
such  (see  the  chapter  I 
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on  optics),  that  for  any  distance  on  earth,  its  pas- 
sage may  be  regarded  as  instantaneous.  The 
velocity  of  sound  is  considerably  less.— If  a  wood- 
man be  observed  at  his  occupation  cm  the  hill^ 
bis  axe  is  seen  to  fall  some  time  before  the  sound 
of  his  blow  reaches  the  ear.-^The  flash  of  a  gun 
flred  at  a  distance,  is  seen  long  before  the  rejMxrt 
is  heard. 

Most  accurate  experiments  have  been  made  to 
ascertain  the  velocity  of  sound ;  and  it  is  found  to 
be  1,14S  feet  per  second  in  air,  or  a  mile  in  about 
four  seconds  and  a  half;  and  it  varies  little  either 
with  the  density  or  temperature  of  the  air. 

By  noting  then  how  long  the  flash  of  a-  gun  is 
seen  before  the  report  reaches  the  ear,  we  learn 
the  distance  of  the  ship  or  battery  from  which  the 
gun  is  flred.  A  chasing  ship  may  thus  often  dis- 
cover  whether  she  be  nearing  or  not  the  object  of 
her  pursuit.  In  the  same  manner  the  distance  of 
thunder  may  be  ascertained :  and  the  reason  of 
the  long  continued  roll  of  thunder  is,  that  although 
the  lightning  darts  instantly  through  a  chain  of 
clouds,  perhaps  of  miles  in  length,  the  claps  or 
explosions  at  each  interruption  of  the  chain  are 
only  heard  successively,  as  the  sound  arrives  at 
the  ear.  The  pulse  at  the  wrist  of  a  healthy  man 
is  a  convenient  measure  of  time  for  ascertaining 
distances  by  the  motion  of  sound :  each  beat  is 
nearly  a  second,  and  therefore  indicates  a  distance 
of  nearly  a  quarter  of  a  mile. 

A  line  of  muskets  fired  at  the  same  instant 
cannot  appear  a  single  report  to  any  person,  un- 
less he  be  in  the  centre  of  a  circle,  of  which  the 
line  forms  a  part. 
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■^An  extended  orcliestra  of  musicians  cannot  be 
heard  equally  well  from  all  situations. 

Wind  affects  the  velocity  of  sound  moving 
towards  a  certain  point,  just  as  the  current  of  a 
tide  affects  tlie  motion  of  a  sailing  ship.  The 
effect  is  readily  perceived  in  a  stormy  night,  ac- 
cording as  the  wind  happens  to  bring  or  to  resist  i 
the  coming  sound  of  distant  bells. 

iSound  decreases  from  the  centre  where  it  origi- 
nates, according  to  tlie  same  law  as  light ;  that  is 
to  say,  at  double  distance  it  is  only  one-fourth 
part  as  strong.  , 

By  confining  it,  however,  in  tubes,  which  pre^ 
vent  its  spreading,  its  force  dinuuishes  much  less 
rapidly,  and  therefore  will  extend  to  much  greater 
distances.  —  In  many  houses  and  manufactories 
pipes  for  this  purpose  are  now  made  to  lead  to  aU 
parts,  and  on  ringing  a  bell  to  attract  attention, 
orders  are  given  verbally  to  any  distance. 

Sound  travels  about  tour  times  quicker  in  water, 
and  from  ten  to  twenty  times  quicker  in  solids, 
than  in  air.  The  blow  of  a  hammer  given  to  a 
wall  may  be  heard  twice,  i^iz.  almost  immediately, 
by  an  ear  applied  to  the  wall,  and  a  little  atler, 
through  the  air. 

"  Reflection  of  sound."     (Read  the  atialysis,  page 

442.; 

As  a  wave  of  water  turns  back  at  a  smooth  wall 
or  obstacle,  and  at  any  distance  from  it  after 
the  reflection,  is  just  what  it  would  have  been  at 
the  same  distance  beyond,  only  moving  in  an 
oppoMte  direction ;  so  the  pulses  or  waves  of 
2  H  S 
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soulid  kte  regttlaiij  reflected  fi(nA  fiM  scnrfioes, 
and  produce  what  is  called  Echo*  Si»ch  fat  Mtt^ 
frees  of  liature's  work  are  found  imly  mnost^  the 
rocks  and  hills;  hetice  the  beautify  ^c&tm  of 
the  ancient  poets,  that  Echo  was  a  lijmqf^  who 
dwelt  concealed  a&iong  the  rocks.  Sdietice  has 
Aow  disclosed  the  steret  of  the  viewless  echo)  but 
who  does  not  vividly  recollect  the  wofidtf  and 
delight  with  which  he  has  listened,  ifi  the  mottdng 
<^  his  days,  to  his  shifll  call  returned  to  him  froltf 
some  bdid  precipice,  across  the  plain  or  the  liveri 
or  sent  down  to  him  again  from  the  intuited  fMf 
of  oceaii^s  caves ! 

Th^  quickness  with  which  an  echo  is  retuflied 
depends  of  course  upon  the  distance  of  the  re* 
fleeting  surface ;  and,  as  sound  travels  1,142  &et 
^er  second^  a  rock  at  half  that  distance  retlimi  a 
i^oiitid  exactly  in  one  second.  As  many  syllables 
as  can  be  pttmomiced  in  a  second  will  be  repeated 
distinctly  in  siiich  a  case,  whilfe  the  end  of  a  longer 
stoty  would  mix  with  the  commencement  of  the 
echo.  The  breadth  of  a  river  may  thus  be  ascer^ 
tained  where  thetie  is  a^  eehmng  rock  on  the 
father  shore.  A  perpendicular  mountain  siili^  (ft 
sublime  cliffs  such  as  skirt  the  British  coasts  In 
many  parts,  return  an  audible  echo  of  artillery, 
or  of  thunder,  to  a  distance  of  many  miles. 

If  two  bold  faces  of  rock  be  parallel  to  each 
other,  a  sound  produced  between  them  is  repeated 
often,  playing  like  ashuttdecock  between  them» 
but  becoming  more  f^nt  each  time  until  4t  h 
heard  no  more. 

The  resonance  of  rooms  depends  on  tiiis  ^eon^ 
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tmued  reverberation.  It  often  increases  the  effect 
of  music  by  converting  a  simple  melody,  which 
is  a  succession  of  notes,  into  a  harmonized  piec^ 
where  each  note  is  accompanied  by  softer  accordant 
toaee  ;  aad  a  young  flute-player  is  often  first 
charmed  with  his  own  music  when  he  findfl 
Iiimself  playing  a  duett  with  echo  in  a  cave  or 
under  a  spacious  arch — but  resonance  injures  the 
<listinctne8S  of  speech,  so  as  even  in  some  ill-coa- 
trived  halls  of  assembly,  or  theatres,  to  render  the  -^ 
articulation  unintelligible. 

It  is  worthy  of  remark,  that  every  apartment  i 
lOT  confined  space  has  a  certaia  musical  note  pro-  j 
per  to  it,  wliich  depends  upon  tlie  nimibcr  of  1 
pulses  or  repetitions  of  a  sound  produced  in  ft 'I 
given  time  by  the  returns  from  its  walls.  The 
velocity  of  sound  being  uniform,  this  number 
must  dei>eud  on  the  size  of  the  apartment. 

There  is  a  curious  effect  of  echo  which  both 
illustrates  the  nature  of  the  phenomenon,  and 
proves  that  a  tone  or  musical  sound  is  merely  a 
repetition  of  pulses  following  each  other  very 
quickly.  Iron  raihngs  are  generally  formed  of 
square  bars,  of  which  each  side,  therefore,  is  a 
plane  surface,  and  may  produce  an  echo.  Now 
«  sotwd,  such  as  the  ^arp  blow  of  a  hammer, 
occurring  near  the  end  of  «uch  ti  raiii^g,  is  echoed 
to  \he  otlier  side  by  every  bar  in  it  i  and  as  tbe 
echoes  do  not  return  ajl  at  once,  but  in  regular 
Succession  according  to  tlie  increasing  distances 
:of  the  bars,  the  consequent  regular  succession  of 
shght  pulses,  with  uiuform  and  small  intervals, 
'ins 
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afifects  the  ear,  not  as  die  echo  of  a  sin^e  blow, 
but  as  a  continued  musical  tone,  the  pitch  of 
which  depends  on  the  distance  of  the  bars  &otH 
each  other. 

That  an  echo  may  be  perfect,  the  sur&ce  pro- 
ducing it  must  be  plane,  and  of  some  regular  fram, 
for  the  wave  of  sound  rebounds  according  to  tlie 
same  law  as  a  wave  of  water,  or  the  rays  of  I^^ 
or  an  elastic  ball,  viz.  perpendicularly  to  the 
surface,  if  it  fall  perpendicularly,  but  if  it  &n 
obliquely,  or  on  one  side  of  the  perpendicular, 
it  departs  with  an  equal  degree  of  obliquity  on 
the  other  side.  To  express  this  very  important 
law  shortly,  we  say  that  "the  angle  of  incidence 
is  always  equal  to  the  angle  of  reflection.**— Ac- 
cording to  this  law,  any  irregular  surface  must 
break  an  echo ;  and  if  the  irregularity  be  very 
_^ — ~-:^ -^  considerable,  there  can  be 

^,y^^^' f\  /T^^^^X.  "**  distinct  or  audible  re- 
*"'     !    "^fy'''  ?  flection   at  all.     And  any 

I      1  "^  regular  concave  surface,  as 

j       I  eg,  may  concentrate  sound, 

'^  and    bring    aU    the   waves 

which  fall  upon  it,  as  fi*om  abed,  to  the  same 
centre  or  Jbats  as  at^^ 

We  hence  see  the  reason  why  echo  is  much  less 
perfect  from  the  front  of  a  house  which  has  win- 
dows and  doors,  than  from  the  end,  or  any  plane 
wall  of  the  same  magnitude, — and  why  the  re- 
sonance of  a  room ,  is  very  imperfect  when  it 
contains  curtains,  carpets,  and  other  iiimiture,  or 
a  crowded  assembly.     Halls  for  music  have  gene- 
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rally  plane  bare  walls.  Theatres  for  tlie  drama, 
again,  have  boundaries  broken  in  all  ways  by 
rows  of  boxes,  and  various  ornaments. 

The  concentration  of  sound  by  concave  surfaces 
produces  many  curious  effects  in  nature  and  in  art. 
There  are  remarkable  situations  where  the 
sound  from  a  cascade  is  concentrated  by  the 
surface  of  a  neighbouring  cave,  so  that  a  person 
accidentally  bringing  his  ear  into  the  focus,  is 
astounded,  as  if  tlie  universe  were  crashing  around 
him ;  and  a  chair  may  be  placed  in  the  cave  so 
that  a  person  sitting  down  must  bring  his  ear  into 
the  focus. 

The  centie  of  a  circle  is  the  focus  in  which 
sound  issuing  from  the  centre  is  again  collected 
after  reflection ;  hence  the  powerful  echo  near 
the  centre  of  a  round  apartment.  An  oval  has 
two  centres  or  foci — one  towards  each 
end,  as  a  and  b — and  the  ngtuje  of 
the  curve  is  such,  that  sound,  or  light, 
Ad  or  heat,  issuing  from  one  of  the  foci, 
is  all  directed  after  reflection,  as  at 
c,  d,  e,  &c.,  to  the  other.  Hence  a  per- 
son uttering  a  whisper  in  one  focus  of  an  oval 
room  is  very  audible  at  the  other,  although  not  at 
all  to  persons  placed  between.  Such  a  room  may 
be  called  a  whispering  gallei'if.  Concave  surfaces 
facing  each  other,  as  two  alcoves  in  a  garden,  or 
covered  recesses  on  opposite  sides  of  a  street  or 
bridge,  will  enable  persons  seated  in  their  foci  to 
converse  by  whispers,  and  without  being  over- 
heard in  the  intermediate  space. 

The  reason  why  a  tube  conveys  sound  so  for,  is, 
2  H  1 
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that  its  sidcB  confine  or  compress,  by  a  continued 
reflection,  tlie  waves  of  sound  which  in  the  open 
air  wouhl  quickly  spread  laterally  and  be  dissi- 
pated. And  the  reason  that  the  plane  surface  of 
a  smooth  wall,  or  of  water,  &c.,  also  conveys 
sound  so  far,  is  that  it  similarl)'  prevents  the 
lateral  spreading  and  dissipation,  aUhougl)  only 
on  one  side. — Persons  tar  apart  may  converse 

along  a  smooth  wall The  clear  voice  of  a  streets 

crier,  in  a  town  situated  on  the  border  of  a  lake, 
may  be  heard  across  the  water  in  a  calm  evening, 
at  a  distance  of  more  than  five  miles — the  sound 
of  bells,  of  course,  is  audible  much  fartlier.^ — And 
in  the  stillness  of  night,  a  steam-boat,  by  the 
splashing  of  its  wheels,  announces  its  approach 
to  persons  waiting,  when  it  is  yet  fifteen  miles 
from  the  harbotir. 

If  a  sound-reflecting  surface  be  curved  inwards, 
that  is,  Goncavct  it  not  ojily  prevents  the  spreading 
of  any  sound  which  passes  along  it,  but  is  constantly 
driving  the  external  part  inwards  and  condensing 
it.  Hence  in  a  circular  s^)ace,  such  as  a  gallery 
under  a  dome,  peraons  elose  to  the  wall  may  whis- 
per to  each  other  at  all  distances. 

An  ear-trumpef  is  a  tube  wide  at  one  end  where 
the  sound  enters,  and  narrow  at  the  other  where 
the  ear  is  applied  :  its  sides  are  so  Curv«dt  that 
according  to  the  law  of  reflection,  all  tbe  scfund 
which  enters  is  brought  to  a  focus  in  the  narrow 
end.  It  thus  increases  manyfold  the  intensity  of 
soiind  reaching  the  ear  t)iro\igh  it,  and  enables  a 
person  who  has  become  deaf  to  common  conver- 
sation, to    mix   again    with    pleasure    in    society. 
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The  concave  hand  held  behind  the  ear  answers  in 
some  degree  the  purpose  of  an  ear  trumpet,  and 
in  a  very  large  tlieatie  is  sometimes  useful  to  per- 
sons of  the  quickest  hearing.  The  wide  spread 
concave  sail  of  a  ship  has  sometimes  collected 
sound  to  a  focus  so  perfectly,  as  to  render  audible 
the  sound  of  hells  a  hundred  miles  distant.  A 
machine,  therefore,  might  be  constiucted  having 
the  same  relation  to  sound  tliat  a  telescope  has  to 
hght. — A  notorious  instance  of  a  sound-collecting 
Buriace  was  the  ear  of  Dionysius,  in  the  dungeons 
of  Syracuse.  The  roof  of  the  prison  was  so  formed 
as  to  collect  the  words,  and  even  whispers  of  the 
unhappy  prisoners,  and  to  direct  tliem  along  a 
hidden  conduit  to  where  the  tyrant  sat  listening. 

The  speaking  trumpei  is  made  according  to  the 
game  law  of  reflected  sound,  so  as  to  direct  the 
strength  of  the  voice  to  a  particular  point.  The 
sea  captain  uses  it  to  send  his  orders  aloft,  where 
the  unaided  voice  would  be  lost  in  the  noise  of.  j 
the  wind  and  waves — or  to  hail  ships  at  a  distance. 
A  similar  form  of  mouth  is  used  for  the  bugle  horn 
and  common  trumpet,  and  fits  them  to  sound  the 
note  of  command  amid  the  uproar  of  contending  i 
armies. 

Some  amusing  effects  have  been  produced  by '  i 
operating  on  sounds  with  tubes  and  concave  sur-  tl 
faces.  What  was  termed  the  invisible  girl^  was  a 
contrivance  where  the  questions  of  visitors  w< 
caught  by  a  concealed  concave,  and  carried  to  < 
the  director  at  a  distance  ;  and  his  replies,  as  in  . 
the  whispering  galley,  become  audible  to  the  t 
inquirers  alone. 
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The  concave,  undulating,  and  perfectly  polished 
surface  of  many  sea  shells,  fits  them  to  catch,  and 
concentrate,  and  return  the  pulses  of  sound  that 
happen  to  be  trembling  about  them,  so  as  to  pro- 
duce that  curious  resonance  from  within,  which 
so  closely  resembles  the  sound  of  the  distant 
ocean — so  closely,  that  the  spirited  boy,  after 
studying  the  interesting  stories  of  voyagers  wliich 
■paint  dangers  to  be  nobly  braved,  and  charms  of 
nature  to  be  seen  in  distant  lands,  often  feeds  his 
imagination  witli  the  voice  of  the  shell,  and  fan- 
cies himself  already  ridiBg  among  the  billows. 

The  animal  ear. 

Ho  admirably  adapted  to  perceive  the  evanscent 
tremblings  of  the  air,  has  of  course  strict  relation 
to  their  nature,  as  now  explained.  Its  paits,  and 
the  progress  of  sound  to  the  sentient  nerve  may 
-be  simply  described  as  follows, 

Ist.  There    is   a   wide-mouthed  tube    or  ear- 
trumpet  a,  tor  catching  and 
concentrating  the  waves  of 
sound.      It   is    moveable    in 
many  animals,  so  that  they 
can  direct  it  to  the  place  from 
which  the  sound  comes. 
2d.  The  concentrated  sound  falls  upon  a  mem- 
ibrane  like  the  top  of  an  ordinary  drum,  covering 
'the  ttfmpanum  or  drtem  of  the  ear  b,  and  causes 
I 'it  to  vibrate.     That  its  motion  may  be  free,  the 
■-lair  contained  in  the  drum  has  free  communication 
with  the  external  air,  by  the  open  passageTi  called 
the  eustachian  tube,  leading  to  the  back  of  the 
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mouth.     A  degree  of  deafness  ensues  when  this 
tube  is  obstructed,  as  by   wax,  and  a  crack  or  1 
sudden  noise  is  generally  experienced  when  th*  1 
obstruction  is  removed  in  the  effort  of  sneezing  J 
or  otherwise. 

3d.   The  vibrations  of  the  membrane  of  the  1 
drum  are  conveyed  farther  inwards  by  a  chain  of  | 
tour  little  bones  (not  here  represented),  reaching 
from  its  centre  to  the  oval  door  or  window  of  the 
labyrinth. 

4th.  The  labyrinth,  or  inner  compartment  of  i 
the  ear,  over  which  the  nerve  of  hearing  ii 
spread  as  a  lining,  is  full  of  water ;  and  therefor^ 
by  the  law  of  fluid  pressure,  when  the  force  of  \ 
the  moving  membrane  of  the  dmm,  acting  through 
the  chain  of  bones,  is  made  to  compress  the  watei^ 
the  pressure  is  felt  instantly  over  the  whole  cavity, 
as  in  a  hydrostatic  press. — The  labyrinth  consists 
of  the  vestibule  e,  the  three  se?nicular  canals  c,  and 
a  winding  cavity,  called  the  cochlea  d,  like  th^ 
of  a  snail-shell,  in  which  fibres,  stretched  across 
Kke  harp  strings,  constitute  the  lyra. — The  exact 
uses  of  these  various  parts  are  not  yet  perfectly 
known.  The  membrane  of  the  tympanum  may 
be  pierced,  and  the  chain  of  bones  may  be  broken 
without  loss  of  hearing.  Considerable  ihversity 
of  form  and  dimension  is  found  in  different  ani- 
mals. The  bone  containing  the  cavities  of  the 
ear  is  the  hardest  in  the  body,  and  is  the  first 
formed. 

The  ear  has  the  power  of  judging  of  the  direc- 
tion in  which  sound  comes. 

When  horses  or  mules  march   in  company  at 
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night,  those  in  front  direct  their  ears  forward ) 
those  in  tiie  rear  liiiect  them  hackward ;  and 
those  in  the  centre  turn  tliem  laterally  or  across; 
•—the  whole  troop  seeming  thus  to  be  actuated  by 
one  feeling,  which  watches  the  general  safety. 

The  intensity  of  sound  is  to  the  ear  a  measure 
of  distance. — In  a  windy  night  the  sound  of  a 
distant  bell  may  be  brought  so  quickly,  that  it 
has  not  yet  had  time  to  spread  and  be  weakened ; 
and  a  person  is  often  roused  from  a  reverie  by  its 
luiuflual  loudness  and  apparent  nearness. — When 
a  stormy  wind  blows  directly  upon  a  coast,  and 
loUi  the  great  waves  in  upon  the  beach,  or  among 
tiie  rocks,  tiie  countryman  living  far  inland  hears 
the  uproar,  as  if  the  ocean  had  burst  its  boun- 
jdaries,  and  were  pouring  in  upon  the  land. — The 
«ene-contfiver$  at  our  theatxes  heighten  the  illu- 
«ioD  of  an  approaching  processioa,  by  letting 
the  accompanying  music  be  first  heard  from  a 
tclosed  chamber  or  in  a  feeble  tone,  and  afterwards 
making  it  gradually  louder  and  louder.  To  the 
imagination  already  excited,  perhaps  to  the  highest 
pitch,  by  tlie  drama  of  some  4ivine  mind,  the 
advancing  host  is  thus  more  vividly  pourtrayed, 
tiuin  by  any  other  possible  expedient ;  and  when 
at  last  with  the  thunder  of  drums  aud  trumpets  . 
from  the  front  of  the  stage  the  troop  also  appears, 
the  effect  is  complete. — It  is  the  varying  loudness 
of  the  music  of  the  ^olian  harp  which  produces 
the  feeling  that  the  heavenly  choir  is  i 
-^approaching  and  sometimes  receding. 


(    isi    ) 
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SECTION  V. 
DOCTRINES  OF  FLUIDITY   IN  RELATION  TO  ANIMALS, 


In  the  preceding  sections,  occasional  illustrations 
of  the  laws  of  fluidity  have  been  taken  from 
the  animal  economy;  but  there  are  many  other 
particulars  of  the  same  class,  and  of  great  in- 
terest, which  it  is  convenient  to  consider  aparti 
under  the  separate  heads  of,  1st.  The  circulation 
qf  the  blood ;  2d.  The  respiration  and  voice ; 
3d.  The  digestion  ;  and  4th.  TJie  pelvic  pheno^ 
mena.  It  is  important  to  remark  here,  that 
this  section  cannot  be  understood  by  him  who 
is  ignorant  of  the  preceding  ones. 

PART  I. 

THE  CIRCULATION  OF  THE  BLOOD. 

Perhaps  tJiere  is  nothing  more  remarkable  in 
the  progress  by  which  man  has  arrived  at  his  pr©- 
sent  knowledge  of  the  universe,  than  the  fact  that 
it  is  only  two  hundred  years  since  he  understood 
that  the  blood  in  his  own  and  in  other  animal 
bodies  is  constantly  circulating.  And  England 
daims  as  one  of  her  sons,  the  man  whose  powerfiil 
intellect  at  last  established  this  truth,  in  opposition 
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to  Strong  appearances,  and  to  the  most  fixed  pre- 
judices. Dr.  Harvey  published  his  proofs  in  the 
year  1619*  If  we  try  to  imagine  what  that  science 
of  medicine  could  have  beeii  which  took  no  ac- 
count of  a  fact,  on  which,  as  a  basis,  the  whole 
fabric  of  certain  physiology  must  rest,  we  are 
prepared  for  what  the  .history  of  medicine  exhibits 
of  the  writhings  of  human  reason,  in  attempts  to 
explain  and  to  form  theories,  while  a  fatal  error 
was  mixed  witli  all  its  suppositions. — The  chief 
circumstance  which  prevented  the  earlier  disr 
covery  of  the  circulation  was,  that  on  examining 
dead  bodies,  the  arteries  were  always  found  empty 
of  blood ;  and  this  was  the  reason,  also,  of  these 
vessels  being  called  ctrteries,  that  is,  air  tubes. 

We  now  know,  that  as  the  Thames  water  spreads 
over  London  in  pipes,  to  supply  the  inhabitants 
generally,  and  to  answer  the  particular  purposes 
of  brewers,  bakers,  tanners,  and  others,  and  is 
then  in  great  part  returned  to  where  the  current 
sweeps  away  the  impurities ;  so,  nearly,  in  the 
human  body,  does  the  blood  spread  in  the  arteries 
from  a  central  vessel  in  every  direction,  to  nourish 
all  the  parts,  and  to  supply  material  of  secretion 
to  the  liver,  the  kidneys,  the  stomach,  and  other 
viscera,  and  returns  from  these  by  the  veins,  to- 
wards the  heart  and  lungs,  to  be  purified,  and  to 
have  its  waste  replenished,  that  it  may  again 
renew  its  course. 

The  circulation  may  be  more  particularly  de- 
scribed thus.  From  the  left  chamber  or  ventrkk 
of  the  strong  muscular  mass  the  hearty  a  laige 
arterial  tube  arises,  called  the  aorta;  and  by  a 
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continued  division  or  ramification,  opens  a  way  for 
the  bright  scarlet  blood  to  every  the  minutest 
part  of  the  living- frame  :  the  extreme  divisions  or 
twigs  are  so  small,  that  they  are  called  capillar]^ 
or  hair-like  tubes.  The  blood  at  the  terminationa 
of  these  having  answered  the  purposes  of  general 
nutrition,  &c.,  by  which  it  loses  its  bright  coloun, 
enters  the  commencements  of  the  venom  tree  ob 
returning  channel ;  and  gliding  successively  from 
smaller  to  larger  branches,  it  returns  towards  the 
right  chamber  or  ventricle  of  the  heart,  requiring 
purification  and  partial  renewal.  If  the  great 
arterial  and  venous  systems  of  the  body  be  con^ 
sidered  as  Ixvin  trees — the  scarlet  and  the  purple, 
with  meeting  and  corresponding  branches,  and 
with  trunks  springing  from  the  opposite  sides  of 
the  heart,  it  will  appear  that  they  again  meet  or 
inosculate  by  their  extreme  roots,  and  thus  form 
a  circular  channel.  The  root  of  the  venous  tree 
issuing  fi-om  the  right  chamber  of  the  heart,  is 
called  the  pulmo}ia?y  artery,  and  that  of  the  arterial 
tree,  returning  to  the  left  chamber,  the  pulmonary 
vein.  Tliey  both  ramify  in  the  spungy  masses, 
called  the  lungs,  which,  indeed,  are  chiefly  coin- 
posed  of  them.  Fresh  material  for  the  blood 
brought  from  the  digestive  organs  by  tlie  ahsorbenU 
and  thoracic  duct,  is  constantly  pouring  into  a  largo 
vein  near  the  heart,  and  is  completely  mixed  with 
the  dark  blood  by  violent  agitation  or  churning 
during  its  passage  through  the  heart.  On  leaving 
the  riight  ventricle,  the  mixture  is  strained  througb 
the  minute  ramifications  of  the  vessels  in  the  lungs, 
and  at  the  same  time  is  exposed  to  the  action  of 
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the  air  whicti  enters  the  cells  t£  the  lung8  in 
respiration.  By  this  actioo  the  dark  purple  blood 
is  converted  again  into  tlie  pure  scarlet,  and  when 
thus  changed,  and  having  reached  the  lei^  chain> 
ber  or  \-entTicie,  it  is  ready  to  set  out  on  its  journey 
as  before^  charged  with  new  life  and  nourishment 
The  two  chambers  or  ventricles  of  the  heart  hare 
each  an  anti-chamber  or  auricle  (so  called  from  an 
external  resemblance  to  a  dog's  ear),  into  wluch 
the  blood  is  first  received  from  the  veins,  and 
tliere  are  valvular  doors,  which  allow  the  blood 
to  pass  readily  from  auricle  to  ventricle,  but 
op|>ose  its  recoil  duting  the  contraction  of  tlie 
t'CQtriclcs.  There  are  valves  also  in  many  parts 
of  the  veins,  to  secure  the  natural  course  of  the 
circulation.  Besides  the  important  change  or 
puritication  which  the  blood  undergoes  in  passing 
through  the  hmgs,  its  cosiposition  is  much  in- 
tlueiKred  by  the  action  of  the  kidneys,  of  the 
exUalaiits  ot'  the  skin,  and  o£  the  tiver  :  the  two 
formet-  reheve  it  trom  superfluous  moisture  and 
saltii,  the  lasi,  Irom  a  huge  quantity  of  matter  in 
the  tbmi  of  bile. 

The  itescriptioQ  giv%n  above  of  the  circulation 
of  the  blood  is  oolv  an  outline,  and  vet  bv  ^ew- 
im;  the  manner  in  which  fresh  matter  euteis,  it 
rowUim  mate  tlna  Hanvy  knew  of  the  subject 
fa  this  dflfMUtmoib  tt  m  moct  others,  knowledge 
kM  advanced  from  vhat  it  vety  general  aiul  vague, 
towhat  ismocvparocular  andpreciM;  and  just  as 
tb«  ;in?nend  nature  of  steam  was  known  long  he- 
toK  il  a^rvtA  in  steawM-wgits ;  and  as  the  period 
«!'  the  mooA's  revolutiofi  had  been  obso-ved  for 
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thousands  of  years  before  the  fluctuations  in  her 
velocity  could  be  calculated,  in  a  way  to  make 
her  the  mariner's  best  guide  in  his  courses  acrosB 
the  ocean, — so  when  Harvey  had  proved  the  sim- 
ple fact  of  the  circulation  of  the  blood,  he  had 
left  much  yet  to  be  done,  by  observing  minutif^ 
and  reasoning  from  them,  to  render  the  knowledge  j 
available  for  the  many  useful  purposes  which  it  ia  i 
calculated  to  answer.     It  is  within  a  few  yearg  I 
only,  that  tlie  importance  of  the  subordinate  cir*  | 
cumstances     has    been     fully    appreciated; 
evinced  by  the  numerous  works  which  have  beea  ] 
composed  to  elucidate  them  ;  but  many  of  thes6  J 
have  served  only  to  prove  that  if  the  difficulties  j 
were  to  be  solved  by  natural  philosophy,  medical  I 
men  in  general  had  not  yet  studied  it  enough  tQ  J 
be  able  to  use  It  successfully.    It  will  be  atr  j 
tempted  in  this  section  to  place  certain  important  j 
points  of  the  subject  in    a  clear   light,  and  by  ] 
referring  directly  to  the  general  laws  of  nature  I 
explained  in  the  body  of  the  work,  to  settle  ex? 
isting  disputes  on  some  of  them,  and  to  remove 
remaining  doubts  on  others. 

The  fact  of  the  circulation  of  the  blood  being 
once  admitted,  an  enquirer  who  contemplates  the 
apparatus  by  which  it  is  effected,  is  led  by  the 
general  analogies  of  nature  to  conceive — 1st.  That 
the  ventricle  of  the  heart,  at  each  contraction, 
empties  itself  into  the  great  artery  }  — Sid.  That 
the  consequent  jet  causes  a  wave  to  pass  along  to 
the  extremities  of  the  simply  elastic  arterial  tree, 
producing  everywhere  what  is  called  the  pulse  j — 
3d.  That  the  force  of  the  heart,  acting  along  the 
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arteries,  forces  the  blood  through  their  open 
Capillary  extremities  into  tlie  commencing  veins, 
and  olong  the  veins  back  to  the  licart  again.  Now 
Harvey  believed  that  these  propositions  completely 
described  the  circulation.  But  the  following  tacts, 
and  others,  ascertained  since  his  day,  not  exactly 
0quanng  with  them,  farther  investigation  has  be- 
come necessary. — 1st.  The  pulse,  instead  of  being 
A  ^istinctlT/  progressive  wave,  is  almost  as  instan- 
taneous over  the  whole  body  as  a  shock  of  elec- 
tricity ; — 2d.  The  arteries  are  all  found  empty 
after  death  ;  and  if  an  artery  be  tied  in  the  living 
body,  the  part  beyond  the  hgature,  although  the 
action  of  the  heart  of  course  cannot  reach  it,  is 
Boon  emptied  through  the  capillaries  into  the 
Veins  ; — 8d.  Although  the  rapidity  of  the  blood's 
passage  through  the  capillaries  varies  very  niucli, 
it  does  not  vary  in  accordance  with  the  changes 
in  the  force  of  the  heart's  action.  In  analysing 
this  subject,  it  is  convenient  to  follow  the  blood 
round  from  the  heart  to  the  heart  again  through 
the  three  stages,  of  Ist.  Tlie  arteries ;  2d.  The 
capillaries ;  3d.  The  veins. 

Motion  of  the  blood  in  the  arteries. 

The  contractions  of  the  heart  inject  the  blood 
into  the  arteries  with  force  maintaining  such  a 
tension  in  them,  that,  according  to  the  interesting 
experiments  of  Dr.  Hales,  recorded  in  his  Statical 
'Essttj/s,  if  the  artery  of  a  large  animal  like  a  horse 
be  made  to  communicate  with  an  upright  tube, 
the  blood  will  ascend  in  the  tube  to  a  height  of 
about  ten  feet  above  the  level  of  the  heart,  and 
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will  afterwards  continue  tJiere,  rising  and  falling 
a  few  iwches  with  eacii  pulsation  of  the  heait. 
Now  a  column  of  ten  feet,  as  explained  at  pag^ 
SS*,  indicates  a  pressure  of  about  ^«r  and  a  ha\f 
pounds  on  a  square  inch  of  surface,  and  this  is 
therefore  the  force  of  the  heart  urging  the  blood 
tbrougIi,the  extreme  arteries  into  the  veins.  The 
opposing  tension  of  the  veins  is  much  less,  be- 
cause, as  will  be  explained  under  the  proper  head, 
the  blood  readily  escapes  from  them  into  the  heart : 
Hales  found  it  generally  to  be  such  as  to  support 
a  column  a  few  inches  higher  than  the  level  of 
the  heart-  In  smaller  animals  Dr.  Hales  found 
the  tension  of  artery  and  vein  to  be  less  than  ii^ 
large  ones  ;  and  the  ratios  deduced  fcir  tlie  humaa 
body,  under  ordinai-y  clrciunstances,  wwe  eight 
feet  column,  or  nearly  four  pounds  per  inch  foj 
the  arteries ;  and  Haifa  f^t  column,  or  a  quarter 
of  a  pouiitl  per  inch  for  tiie  veins.  The  first  of 
these  quantities,  however,  is  considerably  above  ' 
the  truth,  and  the  other  below  it,  on  account  of 
the  obstruction  which  the  inertia  of  the  long 
column  of  blood  in  the  tube  offers  to  any  sudden 
change. 

Arteries  exanuned  after  death  are  found  to 
consist  of,  1st.  an  outer  coat  of  sti'ong  elastic 
substance  ;  Hd.  a  middle  coat  of  circular  Jibres ; 
and  3d.  an  iimer  coat  of  smooth  lining  membrane. 
Their  elasticity,  or  power  of  resisting  change  of 
diosenaion,  and  of  returning  to  a  middle  state 
from  either  dilatation  or  compression,  being  tlie 
most  obvious  property,  because  remaining  in  the 
dead  aitery,  was  that  first  attended  to.    Minute 
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observation  of  the  phenomena  of  life  has  since 
determined  the  following  facts,  proving  and  illus- 
trating a  contraftiiity  resident  in  the  fibrous  coat, 

1.  A  small  living  artery,  cut  across,  soon  con- 
tracts ao  as  to  close  its  canal,  and  arrest  hemor- 
rhage. 

2.  In  an  animal  bleeding  to  death,  the  arteries 
continue  to  accommodate  themselves  to  the  de- 
creasing quantity  of  blood,  and  contract  even  far 
beyond  the  degree  to  which  their  simple  elasticity 
would  carry  them  :  they  relax  again  after  death. 
Dr.  Hales  took  seventeen  quarts  of  blood  from  a 
horse  before  it  died,  in  whose  body  only  three 
quarts  more  were  found  altogether,  and  yet  the 
moment  before  death  the  tension  of  the  arteries 
sustained  a  column  of  two  feet  of  blood  in  his 
experimental  tube, 

3.  The  artery  of  a  living  animal,  exposed  by 
dissection  to  the  air,  sometimes  contracts  in  a 
few  minutes  to  a  great  degree  ;  and  occasionally, 
in  such  a  case,  a  single  fibre  only  of  the  artery 
contracts,  affecting  the  channel  like  a  thread  tied 
round  it.     (See  Parry  on  the  pulse.) 

4.  When  a  living  artery  is  tied,  the  part  be- 
tween the  ligature  and  the  nearest  branch  on  the 
side  of  the  heart  gradually  contracts,  and  becomes 
at  last  a  solid  or  impervious  cord. 

5.  Fluctuation  in  the  degree  of  vital  action  in 
parts,  is  often  attended  with  sudden  increase  or 
diminution  of  calibre  in  the  arteries  concerned. 

Although  these  facts  prove  indubitably  a  con- 
tractility in  the  coats  of  arteries  distinct  from 
their  elasticity,  still,  because  the  circular  fibres  do 
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not  resemble  common  muscles  in  colour  or  in 
chemical  composition,  or  in  being  immediately 
obedient  to  the  stimuli  of  electricity,  pricking, 
great  heat,  &c.,  their  contractility  was  by  many, 
for  a  long  time  denied.  The  dispute,  however^ 
was  often  merely  about  the  words  contractility, 
and  muscularity. 

The  pulse  in  the  arteries,  chiefly  as  regards  its 
almost  instantaneous  occurrence  over  the  whole 
system,  in  all  states  of  arterial  dilatation,  and  its 
great  strength  and  sliai-pness  in  very  small  and 
remote  branches,  points  also  to  the  active  con- 
tractility of  the  arterial  coats. 

1.  Were  the  arterial  tree  in  the  living  body  a 
system  of  tubes  as  readily  admitting  of  farther 
dilatation  as  in  the  dead  body,  the  first  part  or 
trunk,  would  aft'ect  the  motion  of  the  blood 
beyond  it,  nearly  as  tlie  air-vessel  (see  page  296) 
placed  at  the  commencement  of  artificial  arrange- 
ments of  water-pipes  affects  the  motion  of  the 
water  in  them ; — that  is  to  say,  as  this  converts 
the  sudden  and  interrupted  jets  from  pumps  of 

Jire-engines,  to'wn-svpplying  pipes,  &c.  into  a  uni- 
form stream  with  scarcely  a  remnant  of  shock, 
60,  in  the  arterial  branches,  the  elasticity  wouldl 
cause  a  more  tranquil  flow  and  a  quieter  beat 
than  that  bounding  pulse  of  life  felt  in  the  remote 
artery  of  the  wrist,  as  sensibly,  in  propoilion,  as 
near  the  heart  itself. 

2.  Were  the  pulse  a  wave  in  tubes  yielding  as 
readily  as  the  dead  arteries  in  their  middle  states 
of  dilatation,  it  would  be  very  distinctiy  progres- 
sive from  the  heart  to  the  extremities ;  bjjt  it  is 
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ftit  So  instantly  over  the  whole  body,  as  to  be 
compared  commonly  to  a  shock  of  electricity. 

3.  A  pulse  may  be  produced  artificially  in  the 
arteries  of  a  body  recently  dead,  by  filling  them 
with  water  to  the  tension  of  life,  and  then  inject- 
ing at  intervals,  by  a  syringe,  as  much  water  as 
the  heart  throws  of  blood  at  a  pulse ;  but  the 
beats,  although  the  artery  in  then  distended  nearly 
fo  the  limit  of  Its  dilatability,  and  is  therefore 
(fendercd  rigid,  are  very  lUtlerent  from  those  of 
the  living  pulse.  A  similar  experiment,  tried  by 
Connecting  the  artery  of  a  living  animal  with  the 
corresponding  artery  of  a  dead  one,  has  A  like 
iesult. 

4.  A  tube,  greatly  elastic,  that  it  might  convey 
a  wave  of  liquid  with  a  I'-elocity  approaching  to 
<hat  of  the  pulse,  would  require  to  be  so  tense 
from  fullness  as  to  be  discernible  always  by  the 
touch,  like  a  hard  cylinder  or  cord  ;  and  it  would 
be  acting  Constantly  as  a  spring  tending  to 
titraighten  itself,  and  therefore,  Rtiffiiiiing  the 
parts  through  which  it  passed.  Now  the  hving 
wteries,  between  their  pulsations,  are  almost  as 
soft  and  compressible  as  the  surrounding  flesh, 
fcnd  offer  no  perceivable  opposition  to  bending,  in 
fhe  various  movements  of  the  parts — as  in  the 
Kps,  for  instance,  or  in  the  fingers ;  but  when  a 
man  sits  cross-legged,  the  well-known  shaking  of 
the  suspended  foot,  in  unison  with  his  pulse,  shews 
the  recurring  efforts  of  tiie  artery  to  straighten 
itself,  during  the  moments  of  greater  tension, 

5.  A  bulky  wave  in  elastic  vessels  woxdd  have  to 
recoil  from  the  extremities,  or  to  pass  through  them 
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as  a  gusii :  and  the  recoil  would  be  particularly 
observable  from  the  ligature  of  a  tied  artery :  but  ] 
examination  lias  not  detected  such  effects  in  th«  | 
living  body.  The  trying  of  an  artery  beyond  ap 
aneiiriBmal  tumour  would  almost  certainly  prcj. 
duce  bursting,  if  it  checked  a  strong  wave ;  ya 
Mr.  Waj'dropc  performed  this  operation  in  18^ 
with  successful  issue.  < 

G.  The  wave  would  be  more  interrupted  by  thi^  l 
bandage  in  the  D])eration  of  bleeding,  than  th^ 
living  pulse  is. 

7-  Tlie  pulse  of  a  paralytic  limb  often  seemp  > 
more  affected  than  cliange  of  size  in  the  artery 
will  account  for.  The  same  is  true,  in  an  opposi^  ' 
way*  of  the  pulse  in  an  artery  leading  to  an  i%  i 
flamed  part. 

ft.  If  the  abdomen  of  a  livuig  animal  be  opeHf  , 
cd,  the  mesenteric  artery,  in  all  its  ramification^ 
is  seen  stifiened  and  raised  up  suddenly  with  every  , 
puUation,  and  »o  instantly  all  over,  that  tlic  spread* 
JUg  o(  newly  received  blood  in  a  very  yieldit\g 
vessel  cannot  be  tiie  cause. 

9.  In   the  iiitei'eating  experiments  of    Bichat^ 
Par}ify  and  others,  to  ascertain  the  exact  c^^tcn^ 
of  the   supposed   dilatation  and  contraction   oif  i 
arteries  during  a  pulse,  not  the  slightest  degrep  j 
of  either  was  diitceruible,  even  when  sought  foj^  \ 
with  microscopes.  ^ 

To  explain  these  and  other  phenomena,  theq« 
y/Q  must  admit  either  a  sudden  slight  contraQ.  1 
tion  of  the  aiteries  tliroughout  tlie  whole  body  , 
almost  simultaneous  with  the  contraction  of  the 
heart  itself,  or  such  an  action  of  their  contractile 
2  I  4 
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fibres,  as  to  modify  their  natural  elasticity,  and 
to  render  them  rigid  enough,  whatever  their  acci- 
dental degree  of  dilatation  may  be,  for  the  heart 
to  produce  its  efitcts  through  them  almost  as  it 
would  through  tubes  of  metal.  Dr.  Young,  in  a 
paper  published  in  the  Philosophical  Transactions 
for  1809,  and  characterized  by  the  usual  elegance 
and  precision  of  his  writings,  has  shewn  from 
experiments  and  calculations,  that  waves  in  elastic 
vessels  advance  more  quickly  than  most  persons 
imagine  j  but  the  spreading  of  the  pulse  is  yet 
more  rapid  than  the  calculation  anticipates.  It  is 
evident,  that  when  arteries,  in  consequence  of 
depletion,  are  contracted  beyond  the  middle  sta- 
tion of  their  elasticity,  their  tension  and  power  of 
quickly  conveying  the  pulse  must  be  dependent 
altogether  on  the  condition  of  their  contractile 
fibres. 

■  The  careful  experiments  which  could  detect  no 
change  of  size  in  the  arteries  during  the  pulse, 
while  they  disproved  the  ancient  belief  of  a  con- 
siderable tumefaction  or  wave  passing  along,  or 
of  a  filling  and  emptying  of  arteries,  as  of  the 
heart,  might  also  be  supposed  to  contradict  the 
idea  of  a  general  contraction  on  the  contents, 
but  erroneously :  for  if  a  man's  arterial  system, 
Considered  as  one  cavity,  be  supposed  to  contain 
five  pounds  of  blood,  (which  is  probably  near  the 
■truth),  and  if  the  vessels  be  thought  to  embrace 
their  contents  with  force  enough  to  give  them  all 
a  rounded  or  cylindrical  form,  although  they  re- 
main between  the  pulses  soft  and  j-ielding  to  the 
pressure  of  the  finger  ;  and  if  we  suppose  their 


TITE  CIRCUI-'^TION.  if^B 

coats  then  to  be  thrown  into  sudden  and  powerful 
contraction,  as  if  in  obedience  to  an  electrical 
shock ;  because  blood  is  incompressible,  and  be- 
cause just  as  much  enters  tiie  arteries  with  every 
pulse  as  escapes  from  them  before  the  next,  their 
bulk  would  not  sensibly  diminish  by  the  strongest 
conceivable  action  of  their  coats,  and  the  only 
sensible  effects  of  it  would  be  that  the  soft,  yield- 
ing, and,  in  some  places,  compressed  tubes  would 
be  suddenly  converted  into  hard  or  resisting 
cylinders  ;  and  wherever,  by  any  accidental  pres- 
sure, an  artery  had  been  flattened,  in  regaining 
its  cylindrical  form  it  would  strike  or  pulsate 
against  the  compressing  body. — Whether  such  an 
action  as  this  contributes  to  produce  the  arterial 
pulse  will  be  enquired  under  the  head  o£  ihe  pulse, 
after  we  have  seen  how  the  blood  moves  in  the 
capillaries  and  veins. 

In  any  admissible  view,  then,  of  arterial  action, 
wefind  that  the  arteries  can  contribute  in  no  other 
way  to  the  motion  of  the  blood,  than  as  tubes 
which  convey  it:  their  tension,  and  therefore 
the  force  with  which  the  blood  is  pressed  into 
the  capillaries,  is  derived  from  the  heart  alone. 
Many  physiologists  have  had  a  confused  belief, 
that  the  arteries  aided  actively  in  propelling 
the  blood,  but  a  very  little  reflection  would  have 
shewn  that  as  they  have  no  vermicular  or  pro- 
gressive contraction,  like  the  intestines,  they  can 
no  more  propel  fluid  within  them  than  any  rigid 
or  elastic  tubes  would. — Altliough  they  are  thus 
in  no  degree  instrumental  in  the  propulsion  of 
the  blood,  still,  by  enlarging  or  diminishing  their 
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caiibre,  they  may  much  influence  the  speed  of  ita 
transmission  and  its  distribution. 

The  nature  ot"  this  work  does  not  allow  us  to 
record  here  historically  the  various  errors  which 
even  able  m;;n  have  fallen  into,  in  attempting  to 
explain  the  office  of  the  arteries,  but  we  shall 
glance  at  the  tbllowiug. — Dr.  Munro  and  John 
Himter,  two  of  the  moat  able  physiologists  tliat 
have  lived,  believed  that  they  did  almost  as  much 
in  propelling  the  blood  as  the  heart  itself;  and 
aome  teachers  of  the  present  day  also  speak  largely 
of  their  propulsive  action.  We  need  not  repeat 
the  rc;futiition  of  this  opinion.  The  ingenious 
JiicbiUy  unable  to  detect  either  momeutary  con- 
tnu'tioii  or  dilatation  in  the  arteries,  tJiought  that 
die  blooil  was  puiihcd  through  tliem  by  the  heai% 
ts  a  fiohd  rod  of  metal  or  wood  is  advanced  iue- 
stantly  in  its  whole  extent,  by  an  impulse  at  one 
*nd.  Dr.  Patry  took  nearly  the  sajue  view  of  the 
■ubject,  and  Ulustrated  his  idea  by  referring  to  the 
■experiment  of  raovui^  a  wiiole  Miie  of  billiard 
balls  by  pushing  at  the  extreme  one.  Both  these 
authors  erred  by  neglecting  the  hydroatatical  truth, 
that  pressure  in  a  fluid  operates  equally  in  all  di- 
rections, and  therefore,  that  fluid  pressed  into  a 
tube,  tends  to  dilate  the  tube,  just  as  powerfully 
as  to  drive  the  fluid  before  it :  and  they  did  not 
advert  to  the  fact  that  the  stream  of  blood  in  the 
'Small  arteries  is  nearly  uniform.  The  bk>od  could 
only  advance,  as  they  supposed,  by  the  arteries 
becoming  absolutely  rigid,  for  an  instant,  through 
an  action   of  tlieir  contractile  fibrei. 

It  niciits  notice  here,  although  not  atiictly  a 
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mehanical  fact,  that  arteries  permanently  increase 
or  diminish  in  size  when  a  permanent  change 
takes  place  in  the  demand  for  their  service.  The 
arteries  of  the  graxid  uterus,  or  of  an  increasing 
tumour,  grow  with  the  part  supplied,  while  on  the 
contrary,  tiioae  of  a  stump  left  after  amputation, 
soon  remai-kably  diminish.  If  the  chief  artery  of 
a  limb  become  obliterated,  as  after  the  operation 
for  aneurism,  the  small  collateral  anastomosing 
branches  increase  in  size  to  do  its  duty.  1 

It  is  further  remarkable,  that  when  arteri^  are 
called  upon  to  carry  an  increased  quantity  of 
blood,  they  often  become  tortuous  or  serpentine, 
as  well  as  larger ;  and  arteries  leading  to  parts 
whose  actions  are  naturally  intermitting  or  fluctu- 
ating, liave  generally  the  tortuous  form.  Instances 
are,  the  arteries  leading  to  rapidly  growing  tu- 
mours, or  to  varicose  aneurisms,  and  the  arteries  , 
of  the  uterus  and  testes.  This  bending  of  arteries 
and  the  very  curious  division  into  many  branches 
which  again  reunite,  found  in  the  arteries  leading 
to  the  brain  in  some  animals,  do  not  seem  intended 
to  slacken  the  rapidity  of  the  sanguineous  current, 
but  to  give  the  artery  a  greater  control  over  the 
supply. 

Passage  of  the  blood  through  ihe  capillaries. 

We  have  seen  that  the  heart  keeps  up  a  tension 
or  pressure  in  the  arteries,  of  about  four  pounds 
on  the  square  inch  oi  tfieir  surface;  and  witli  this 
force,  therefore,  is  propelling  the  blood  into  the 
capillaries.  If  these  last  were  passive  tubes,  con- 
stantly open,  such  force  would  be  sufficient  to    , 
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press  the  blood  through  them  with  a  certain  uni- 
form velocity:  but  tliey  are  vessels  of  great  and 
varying  activity  :  it  is  among  them  tliat  the  nutri- 
tion of"  the  different  textures  of  the  body  takes 
place,  as  of  muscle,  bone,  membrane,  &c.,  and  that 
ail  the  secretions  are  performed,  as  of  bile,  gastric 
juice  or  saJiva,  &c.  j  and  to  perform  such  varied 
and  often  tiuctuating  offices,  they  require  to  he 
able  to  control,  in  all  ways,  the  motion  of  the 
blood  through  them.  The  capillaries  of  the  cheek, 
under  the  influence  of  shame,  dilate  instantly,  and 
admit  more  blood,  producing  what  is  called  a  blmh; 
—under  the  influence  of  anger  or  fear,  they  sud- 
denly empty  themselves,  and  the  countenance 
becomes  pallid — tears  or  saliva  gush  in  a  moment, 
and  in  a  moment  again  will  stop — if  a  person 
lia\ing  infiammation  in  one  hand  be  blooded  from 
corresponding  veins  in  both  arms  at  the  same 
time,  twice  or  thrice  as  much  blood  will  flow 
•from  the  diseased  side  as  from  the  other.  Similar 
changes  occur  in  many  other  instances.  Now 
the  only  mechanical  action  of  vessels,  capable  of 
causing  these  phenomena,  is  that  of  contractile  or 
muscular  coats ;  and  with  reference  to  such  action 
it  merits  notice,  that  arterial  branches  have  always 
more  of  the  fibrous  or  contractile  coat  in  propor- 
tion as  they  are  smaller. 

!  A  muscular  capillary  tube  strong  enough  to 
ishut  itself  in  spite  of  the  action  of  the  heart,  is 
also  strong  enough  to  exert  an  equal  force  in 
propelling  the  blood  to  the  heart  again  through 
the  veins.  If  we  suppose  the  first  circidar  fibre 
of  the  tube  to  close  itself  completely,  it  would. 
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of'course,  be  exerting  the  same  repellent  force 
on  both  sides,  or  as  regarded  both  the  artery  and 
vein.  If'  then  the  series  of  ring  fibres  forming 
the  tube  were  to  contract  successively  towards 
the  vein,  as  the  fibres  of  the  intestinal  canal  con- 
tract  in  propelling  the  food,  it  is  e\ident  that  all 
the  blood  in  the  capillary  would  thereby  be  pressed 
into  the  vein  towards  the  heart:  and  if  the  capil- 
lary then  relaxed  on  the  side  of  the  artery,  so 
as  to  admit  more  blood,  and  again  contracted 
towards  the  vein  as  before,  it  might  produce  a 
forward  motion  of  the  blood  in  the  vein,  inde- 
pendently of  tiie  heart.  We,  of  course,  state  this 
merely  as  a  possibility,  for  the  intimate  nature  of 
capillary  action  is  not  visible,  and  is  not  positively 
ascertained. 

It  is  capillary  action  which  absorbs  and  moves 
the  fluids  of  the  classes  of  animals  which  have  no 
heart.  It  must  also  be  the  power  which  moves 
the  blood  in  warm-blooded  monsters  formed  with- 
out hearts.  There  are  cases  of  apparent  death 
among  human  beings  where  the  heart  remains 
inactive  for  days,  and  yet  a  degree  of  circulation 
sufficient  to  preserve  Hie  is  carried  on  by  the 
capillaries.  In  further  illustration  of  capillary 
action,  we  have  the  absorption  of  nourishment 
from  the  alimentary  canal  by  the  lacteals;  and 
perhaps  the  circulation  of  the  blood  in  the  liver 
of  animals.  In  this  last,  the  blood  collected 
by  veins  from  the  abdominal  viscera,  instead 
of  going  directly  to  the  heart,  is  distributed 
through  the  liver  by  the  branches  of  the  vena 
portce ;  and  from  these  it  is  again  collected  by 
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ordiUBty  veins,  and  carried  to  tke  heart «:  it  thus 
nl€ives  through  two  sets  of  capillaries  in  {lassing 
from  the  arteries  to  the  heart  again. 

The  action  of  the  capillaries  is  the  cause  ef 
that  lingular  phenomenon  whibh  prevented  tht 
ancients  from  discovering  the  circulatitti.  of  the 
blood,  tdx.  the  empty  state  of  the  arteries  after 
dea(th.  The  muscular  parts  of  an  ajumal  retaia 
their  life,  or  power  of  contracting,  for  a  .consider!- 
ahle  time  after  respiration  has  ceased^  asisjseea 
in  the  cecoyery  of  persons  apparently  drowned  ^or 
aufibc^ted ;  in  the  leaping  of  a  heart  taken  from 
an  animal  just  killed «;  in  the  actions  resemblis^ 
life  MHbdch  can  be  produced  in  a  body  xecendy 
dead  by  the  agency  of  galvanism ;  and  still  more 
aptly  for  our  purpose,  in  the  total  disappearance 
of  a  local  inflammation  after  the  death  of  the  pa- 
tient:— ^inflammation  involves  a  gorging  or. over- 
diistensioH  of  the  capillaries,  and  when  the  Jieart  has 
ceased  to  press  blood  into  them,  the  contractile 
force  remaining  in  them,  even  under  disease  and 
in  a  dead  animal,  is  sufficient  to  squeeze  the  blood 
;OUt  of  them,  and  often  to  remove  all  trace  of  the 
malady  which  has  been  fatal. — In  ordinary  cases, 
the  capillaries  throughout  the  body  remain  alive 
and  active  for  some  time  after  breathing  has  ceased, 
and  they  work  like  innumerable  little  pumps, 
emptjdng  the  arteries  into  the  veins.  As  the  red 
blood  is  their  proper  sustenance  as  well  as  stimulus, 
they  work  as  long  as  there  is  any  of  it  coming  from 
the  arteries  behind  them :  the  capillaries  of  the 
lungs,  however,  soon  cease  to  act,  because,  after 
breathing  has  ceased,  they  are  filled  with  black 
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blood,  and  are  moreover  compressed  by  tlie  col- 
lapse of  the  chest,  and  all  the  blood  accumulates 
behind  them.  The  capillaries  may  fill  themselves 
frmn  the  arteries,  eitlier  by  a  strong  elasticity 
opening  them  with  what  is  called  a  suction  power, 
or  by  an  absorbent  power  dependant  on  life,  hke 
that  of  the  lacteals  and  of  the  absorbents  all  over 
the  body,  and  perhaps,  of  the  vessels  in  the  roots 
of  vegetables.  When  death  is  produced  by  light* 
ning,  or  by  the  poisons  which  destroy  muacular 
irritability,  and  therelbre  capillary  activity,  the 
arteries  are  found  to  contain  blood  like  the  veins. 
In  a  living  body,  if  an  artery  be  tied,  the  part 
beyond  tlie  ligature  is  soon  emptied  into  the  veins, 
and  becomes  flat.  —The  experiment  has  been  made 
even  upon  the  aorta  itself. 

The  empty  state  of  the  arteries  after  death  is 
still  ascribed,  by  some  teachers,  to  the  momentum 
with  which  the  blood  is  supposed  to  be  thrown 
out  from  the  heart  in  its  last  contraction — suffici- 
ent, according  to  them,  to  squirt  it  fairly  through 
the  most  distant  capillaries  :  a  doctrine  exempli- 
fying the  carelessness  with  which  able  men  some- 
times receive  and  repeat  opinons  to  which  their 
attention  has  never  been  fully  awakened.  The 
effect  supposed  here  would  not  follow,  even  if  the 
dying  action  of  the  heart  were  ttie  strongest  pos- 
sible ;  -while,  in  reality,  in  most  cases,  it  is  so  feeble, 
that  the  pulse  for  some  time  ceases  to  be  per- 
ceptible at  the  extremities,  and  the  diminished 
circulation  lets  them  become  coUL — rOtJier  phy- 
siologists teach  that  an  artery  is  capable  of  con- 
tracting directly  upon  its  contents,  so  aa  to  expel 
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even  the  last  drop  j  but  large  arteries,  when  emp- 
^ing,  do  not  contract  roundly  like  an  intestine, 
they  become  Jlat  like  elastic  tubes  of"  leatlier 
sucked  empty,  and  no  contractile  action  of  the 
vessel  itself  could  bring  its  sides  together  in 
such  a  maimer.  If  arteries  emptied  themselves 
by  their  own  action,  the  pulmonary  artery  should 
be  more  certainly  empty  tlian  the  aorta,  because 
it  is  shorter:  yet  it  is  always  full;  the  chief  reason 
being,  as  already  stated,  that  the  pulmonary  ca- 
pillaries cease  to  act  aiter  respiration  has  ceased, 
the  blood  in  them  being  the  venous  or  dark  blood, 
and  tlierefore  not  stimulant. 

Passage  of  blood  through  the  veins. 

The  veins  have  much  thinner  coats  than  the 
arteries ;  and  if  taken  altogether,  they  have  much 
greater  capacity,  because  they  exist,  in  many  situa. 
tions,  as  double  sets  i  an  exterior  and  an  interior 
-set ;  they  have  also  very  frequent  inosculations 
or  communications  with  each  other  throughout 
their  whole  course. 

The  simple  weight  of  the  column  of  blood  in 
any  descending  artery  is  just  sufficient  to  raise 
the  blood  through  open  capillaries  to  an  equal 
height  in  the  corresponding  vein,  according  to  the 
hydrostatical  law,  that  fluids  attain  tlie  same  level 
in  all  communicating  vessels.  And  in  addition  to 
this  influence  of  gravity,  the  blood  is  farther 
pressed  into  the  arteries,  and  from  them  therefore 
towards  the  veins,  with  a  force  from  the  heart, 
as  stated  above,  of  about  four  pounds  to  the 
.square  inch,  or,  in  other  words,  as  if  there  were 
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'  a~o6fumri  ©rblood  eight  feet  higher  than  the  heart 
urging  tlie  current.  Now  it  might  be  expected 
from  the  law  of  equal  diffusion  of  pressure  iij- 
fluids,  that  these  causes  would  soon  produce  a 
tension  b\  the  veins  as  great  as  in  the  arteriea  ; 
but  this  does  not  happen,  because  the  blood  has  a 
ready  escape  from  the  veins  through  the  right 
ventricle  of  the  heart :  so  that,  under  ordinary 
circumstances,  there  never  can  be  greater  teusioti 
in  them  than  just  enough  to  lift  the  blood  to  the 
heart  and  to  overcome  the  friction.  Accordingly^ 
Dr.  Hales'  experiments,  already  alluded  to,  proved  ■ 
that,  imder  ordinary  circumstances,  a  tube  con>» 
nected  with  any  vein  so  as  to  receive  its  bloody 
became  filled  with  blood  to  a  height  only  of  about 
six  inches  above  the  level  of  the  heart.  Hq 
generally  cut  the  vein  completely  across,  and 
inserted  the  tube  into  the  portion  leading  fron* 
the  capillaries;  and  he  would  thus  have  discovered 
the  whole  power  with  which  the  blood  is  pushed 
along  the  veins  from  the  capillaries,  but  because? 
the  free  lateral  communications  of  veins  witli  eacb 
other  reduces  the  tension  even  in  an  obsti"ucted 
branch,  to  that  existing  in  the  system  generally; 
When  from  agitation  of  the  animal,  or  straining 
exertion,  the  passage  of  the  blood  into  tlie  bear* 
was  impeded,  the  veins  became  so  tense,  that  d 
tube-inserted  into  the  returning  jugidar  had  blood 
running  over,  at  a  height  of  three  feet  above  the  ' 
heart,  i 

If  the  blood  had  no  escape  from  the  veins,  thq 
only  cause  which  could  prevent  the  venous  tensioi^ 
from  becoming  as  great  as  the  arterial,  would  be 
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obstruction  in  the  capillariea  :  but  the  following 
factJf  and  considerations  provp  that  these  vessels, 
which  in  the  dead  body  readily  allow  the  passage 
of  injections,  in  the  living  body  also  freely  allow 
the  passage  of  blood.  1st.  Majendie  laid  bare 
the  chief  artery  and  vein  of  a  Hving  limb,  and 
lifted  them  at  the  part,  so  that  he  could  make  a 
tiglit  bandage  round  the  limb  without  including 
them ;  it  was  then  foinid  that  thf  flux  of  blood 
from  a  puncture  made  below  a  ligature  on  the 
vein,  was  rapid  or  slow,  according  as  the  heart 
was  allowed  to  produce  a  greater  or  less  d^ree 
of  tension  in  the  artery :  this  tension  was  re- 
gulated by  compressing  the  artery  between  the 
fingers.  2d.  After  a  similar  preparation  of  tl>e 
parts,  it  is  found,  that  the  blood  will  ascend 
in  a  tube  from  the  obstructed  vein  as  high  as 
from  the  artery.  3d.  In  the  common  operation 
of  bleeding,  when  the  vein  is  first  punctured, 
the  blood  jets  fi-om  it  as  from  an  artery.  4tli. 
The  microscope  discovers  the  uniform  forward 
motion  of  the  blood  in  the  capillaries,  as  if  it 
were  obeying  the  steady  pressure  of  the  arterial 
tension.  5th.  Disturbed  action  of  the  heart, 
obstructing  the  passage  of  the  blood  tiirough  it, 
very  soon  causes  a  tumefaction  of  all  the  veins 
leading  to  it  This  becomes  very  visible  aboutthe 
neck  and  head,  and  in  the  liver  produces  swelling 
and  acute  pain.  6th.  Dr.  Young,  from  experi- 
ments made  by  him,  and  reported  in  the  Pliiloso- 
phical  Transactions  for  1809,  concluded,  that 
perfectly  open  capillaries,  of  the  size  existing  in 
the  hving  body,  should  just  retard  a  flow  of  blood 
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urged  by  the  usual  arterial  tension,  in  the  degree 
which  really  occurs  : — and  open  vessels,  however 
small,  although  transmitting  blood  slowly,  still 
if  its  escape  from  the  veins  were  arrested,  would 
transmit  the  arterial  tension  without  diminution. 
7th.  The  action  of  the  capillaries,  which  after 
death  empties  the  arteries  into  the  veins,  proves 
that,  under  certain  circumstances,  the  venous  ten- 
sion may  become  even  greater  than  the  arterial.^ 
These  facts,  then,  prove  incontestably  that  the 
blood  is  pressed  into  the  veins  from  the  arteries 
and  capillaries  with  force  sufficient  to  lift  it,  not 
only  to  the  heait  again,  but  many  feet  farther, 
mx.  as  far  as  it  would  ascend  in  a  tube  rising  from 
the  tense  arteries  themselves.  So  little,  however, 
has  this  important  truth  been  understood,  that  in 
elementary  works  of  authority  lately  published, 
the  state  of  the  veins  ia  treated  of  as  a  very  obscure 
subject ;  and  some  authors,  in  their  anxiety  to 
explain  it,  have  assigned  causes  for  tlie  venous 
current,  which,  as  will  appear  hereafter,  are  even 
positive  absurdities  in  physics.  The  difficulty  in 
the  question  seems  to  have  arisen  from  the  dis- 
parity found  between  the  tension  in  the  arteries 
and  in  the  veins  ;  and  from  the  want  of  reflecting, 
that  owing  to  tlie  hole  or  outlet  from  the  veiiis 
through  the  heart,  they  must  in  general,  like  any 
odier  open  tubes,  exliibit  only  a  tension  or  pi-es- 
sure  proportioned  to  the  height  of  liquid  in  tbein 
above  the  part  examined,  with  a  little  addition  for 
the  resistajice  of  friction  to  the  moving  liquid. 

The  ingenious  Bich&t,   with  a  carelessness  of 
facte    unusual    in  him,  oddly    persuaded   himself 
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that  the  influence  of  the  heart  ceased  entirely  at 

I  tbc  eu|nlliiric8,  and  that  tlie  blood  was  returned 
ihrough  the  veins  by  the  action  of  the  capillaries 

I  tlone.  How  could  he  avoid  the  ningle  reflection, 
that,  if  Uie  purpose  of  the  arteries  had  been  noerely 
to  convey  the  blood  lo  the  capillaries,  and  not 

[  tiiTQugh  them,  the  extraordinary  strength  of  their 

[  coats,  and  the  great  power  of  the  heart  to  fill 

[  ^em,  and  keep  tip  the  tension  described,  would 
have  been  quite  superfluous? — and  he  knew  tliat 

I  nature  does  nothing  in  vain.  This  reinaik  would 
pply  stiikingly  to  the  pulmonary  ai*tery,  of  which 

I  Bo  branch  exceeds  a  few  inches  in  length. 

The  uniform  current  of  blood  along  the  veins, 

'  which  the  combined  influence  of  the  heart  and 
capillaries  is  calculated  to  produce,  and  which  la 
rendered  apparent  in  the  operation  of  bleeding* 
Buffers  a  considerable  disturbance  in  the  neighs 

I  faourhood  of  the  heart  from  three  causes.  Ist. 
As  there  is  no  valve  between  the  veins  and  the 
auricle  of  the  heart,  each  contraction  of  the  auricle 
tends  to  throw  the  blood  back  into  the  Aeins,  as 

I  well  as  forward  into  the  ventricle.  2d.  When  tlie 
ehest  is  expanded  by  inspiration,  it  is  more  roomy 

'  than  during  the  collapse  of  expiration,  and  the 

I  blood  then  enters  it  more  readily.  3d.  While  the 
chest  is  inlialing  or  drawing  in  air  ;  that  is  to  say, 

i  expanding  so  as  to  diminish  the  atmospheric  pres- 
sure in  it  {'see  Pneumalics),  it  is  by  the  same 
action  favouring  the  entrance  of  blood  by  the 
veins  towards  the  heart  placed  in  it ;   and,  on 

\  'the  contrary,  while  it  is  exluding  or  throu-ifig  out 
it  is,  with  equal  force,  resisting  the  entrance 

'4i^ 
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ro'blbott  and  slackening,  or  even  causing  recoif  i 
ot"  the  inward  cin-rent.  This  favouring  or  resist^  I 
ing  force,  as  wiU  be  hereafter  shewn,  is  such  ad  I 
to  lift  or  support  a  column  of  blood  of  about  haI6  I 
an  inch  in  height.  The  entrance  of  blood  intot  I 
the  chest  therefore  fluctuates  by  reason  of  th*t  1 
respiration,  as  the  entrance  of  a  river  sti'eain  into  I 
the  sea,  fluctuates  by  reason  of  the  ebbing  and  I 
flowing  of  the  tide.  An  eye  watching  the  juguW  I 
vein,  under  favourable  circumstances,  sees  it  tensrf  I 
or  slack  in  accordance  with  the  t^ening  and  shut/  I 
ing  of  the  chest,  nnd  a  finger  placed  upou  it  maj*"*  J 
often  detect  the  i>enous  pulse  produced  by  thtf  I 
contractions  of  tlie  aiuicle.  ■  '.    I 

It  still  remains  to  be  ascertained  whether  vein*  I 
have  any  active  contractile  power  in  tliemselveaf  I 
such  as  partially  to  empty  a  lower  portion  into  ii  I 
higher  beyond  an  adjoining  valve.  The  valv^  I 
then  bearing  the  [iressin-e,  blood  would  more  easily^  I 
be  raised  from  below  into  the  portion  so  relievedt'  I 
and  the  action,  without  being  equal  to  the  oflicS'  I 
of  completely  emptying  any  portion  of  a  veiw,'  I 
would  still  have  the  effect  of  dividing  a  loitg  \ 
heavy  column  into  a  number  of  short  columOB'  I 
of  comparatively  little  resistance.  It  is  certain'  I 
that  the  valves  in  the  veins,  by  preventing  the*  I 
return  of  blood  which  has  once  passed  towardfj 
the  heart,  must  aflect  its  flow  during  bodily  e»?  I 
ercise;  for  every  time  that  pressure  is  made  on  a'l 
vein  by  a  swelliug  muscle  or  otherwise,  the  blood** 
in  the  part  must  be  forced  forward,  and  cannotTl 
rettu-n.  The  veins  surrounded  by  muscles  art'I 
thinner  and  weaker  than  those  supported  only  by'  I 
'J  K  5  J 
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the  skin.  The  external  veins  of  the  legs  are 
[  alniuKt  as  strong  as  arteries  :  but  any  vein  in  the 
I  Kving  body  ina<le  to  commimicate  directly  witii 
iUi  artery,  as  in  tlie  case  of  varicose  aneurism,  soon 
•wells  to  bursting.  Veins  possess  power,  to  a 
groat  extent,  of  adapting  themselves  to  the  varying 
quantity  of  blood. 

Some  recent  autliors,  as  stated  above,  either  not 

being  aware  of  the  tacts  which  prove  that  the 

blood  is  every  where  pressed  into  the  veins  from 

the  capillaries,  with  force  much  more  than  suf- 

I  'ficient  to  raise  it  to  the  heart  again;    or  being 

Tinable,  from  their  little  familiarity  with  physics, 

to  draw  exact  conclusions  from  the  facts,  or  to 

■void  errors  in  their  own  hypotheses,  have  pro- 

pflulgated  the  opinion  that  the  progression  of  the 

Wood  in  the  veins  is  greatly  owing  to  a  suction 

I  'power  in  the  heart  or  chest ;  that  is  to  say,  to  the 

atmospheric  pressure  remaining  constant  on  the 

Jwdy  generally,  while  it  is  occasionally  lessened 

•bout  the  heart  J — a  circumstance,  of  which  the 

'jwhole  effect,  as  stated  above,  is  merely  a  slight 

4isturbance  of  the  uniformity  of  the  venous  cnr- 

lent  near  the  chest     Now  such  a  doctrine  could 

inot  he  proposed  or  entertained  for  a  moment  by 

I  '.»  person  understanding  the  principle  of  a  common 

household  pump  ;  and  that  it  has  been  published 

I  '-and  tolerated  by  able  men  in  the  present  time, 

twill  remain  a  proof  to  posterity  of  the  deficiency, 

■'as  regards  fundamental  science  or  natural  phUo- 

I  *liophy,  which  now  exists  in  the  ordinary  medical 

■^education.      Much   ingenuity  has   been   wasted 

I '«ppn  it,  particularly  by  Drs.  Carson  and  Barry, 
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tile  latter  of  whom,  after  laborious  investigations, 
by  experiment   on  living  animals,  has  even   att  J 
tempted    to    build  upon   it  a   superstructure   of  I 
medical  theory  and  practice.    The  fault,  howeveiv  I 
may  be  less  in  the  parties  who  have  been  pursuing  I 
what  appeared  to  thera  an  important  object,  thali  I 
in  die  system  of  education  which  left  them  e»  J 
posed  to  such  errors.    Dr.  Barry  need  not  blusb  I 
to  have  proposed  an  explanation,  in  which  men»  I 
hers  of  the  French  Institute,  sitting  to  judge  iU  I 
were  not  prepared  clearly  to  point  out  the  iallacy;  1 
To  say  that  the  influence  of  the  heart  or  chest  is  I 
the  power  which  draws  the  blood  to  the  heart  frodJ  I 
the  general  system,  is  just  as  if  one  asserted  tiiat 
the  ocean  tide  at  the  mouth  of  a  river  is  the 
power  which  collects  the  tributary  streams  iu  the 
interior  country.  ....  ,. 

We  shall  enter  into  a  little  detail  on  this  cHibjegt* 
because  the  discussion  will  elucidate  some  minor 
points  connected  with  the  circulation. 

Presuming,  then,  that  the  reader  perfectly  un- 
derstands the  theory  of  pumps,  and  therefore  of 
atmospheric  pressure,  as  explained  under  pneu- 
nutlics,  he  will  readily  understand  the  two  follow- 
ing propositions,  either  of  which  proves  it  to  be 
a  physical  impossibiUty,  that  a  sucking  action  of 
the  heart  or  chest  can  be  a  cause  of  tlie  blood's 
motion  along  the  veins,  lat.  The  veins  are  pliant 
tubes  free  to  collapse,  and  no  pump  can  lift  liquid 
through  such.  2(i.  The  suction  p&wer  of  the  chest 
in  ordinary  respiration  is  too  weak  to  lift  Uquid  a 
distance  oi'  even  one  inch  through  tubes  of  any 
kind. 

2  K  4 
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.    A  practical  illustration  of  the  first  proposition 
ifl  atlbrded  by  jititting  the  point  oi'  a  syringe,  capa- 
We  oi'  making  a  complete  vacuum,  if  desired,  into 
a  piece  oC  gnt,  or  eel-skin,  or  vein  fillwl  with 
yiatcr,    and  then  tiying  to  pump  up  the  water. 
The  result  will  be,  that  the  fluid  close  to  the 
mouth  of  the  syringe  will  enter  it,  and  the  sides 
of  the  pliant  tube  will  then  collapse  as  a  valve 
I  against  the  syringe,  making  an  end  of  the  experi- 
ment.    In  exact  proportion  to  the  rigitUty  of  the 
L  tube  would  be  the  distance  to  which  tlie  influenc:e 
of  tlie  syringe  would  extend  in  it :  if  it  required, 
'  ibr  instance,  half  an  ounce  ot'  pressure  on  the 
I  ftquare  inch  of  its  surface  to  make  It  collapse, 
tfcon  the  pump  would  draw  up  one  inch  of  water, 
I  and  80  for  other  proportions.    D' during  the  action 
of  the  syringe,  the  tube  were  allowed  to  open  at 
tile  bottom  into  a  vessel  of  water,  instead  of  the 
l^ringe  then  drawing  any  more   water  irom  the 
vessel  into  the  tube,  the  original  contents  of  the 
I  ttbe  would  straightway  be  discharged  downwards 
J  Into  the  vessel :  and  the  result  woiUd  be  the  same 
f  ^en  if  there  were  a  thousand  tribnlary  streams 
I  jiouring  into  the  tube,  unless  they  entered  witli 
I  force  enough  to  rise  up  to  the  syringei 
'"  The  explanation  of  all  these  facts  is  f oiuid  in 
'the  pressure    of  the  atmosphere  (see  from  page 
BOS  to  page  320),  seeking  entt-ance  every  where 
at  the  surface  of  the  earth,  with  a  force  of  fifteen 
pounds  per  square  inch,  and  overcoming  any  op- 
"'posing  force  leas  than  this, — sufficientt  therefore, 
to  push  a  column  of  water  thirty-four  ■  feet  high 
through  a  rigid  tube  into  the  vacuum  of  a  pump, 
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but  causing   tlie  side*  of  the  tube  to  collapse, 
unless  able  to  sustain  at  any  given  part,  a  conw'  I 
pressing  force  equal  to  the  weight  of  water  in  the 
tube  below.  i   j 

Some  bad  reasoners  on  this  subject  have  heu    I 
lieved,  that  if  a  suction  power  exist  equal  to  one    | 
inch  column  of  liquid,  any  column,  however  longj    1 
must  follow  the  first  inch   when  acted  on  by  the- 
jjower  in  question  ;  for,  say  they,  the  atmospheric 
pressure  preventing  a  vacuum  will  prevent  separa^ ' 
tion  of  the  liquid.  Now  tliis  reasoning  is  altogether 
inapplicable  to  pliant  tubes,  because  the  ready 
collapse  of  their  sides  will  both  allow  the  separa^'  ] 
lion,  and  prevent  the  vacuum ;  and  with  respect 
to  rigid  tubes,  it  is  equivalent  to  asserting  that  a    I 
force  just  capable  of  lil'ting  one  link  of  a  chains    I 
must  thereibre  be  able  to  lift  any  number  of  con*    ] 
nected  links.     Water  in  a  rigid  tube,  to  which  air,  j 
has  no  admittance,  may  be  considered  as  a  chains .  j 
for  it  is  held  together  by  a  force  of  fifteen  pounds     1 
per  inch  pressing  inwards  at  the  two  ends;  and- 
any  force  less  than  this,  cannot  therefore  lift  onc<  I 
portion  of  it  away  from  another,  and  therefora 
cannot  draw  out  a  drop  but  by  lifting  tlie  wholes     ] 
A  man  cannot  suck  water  from  a  full  rigid  tube>  j 
which  is  closed  at  the  bottom,  and  ii'  the  bofr-     I 
torn  be  open,  and   he  has  not  power  to  support)  1 
the  whole  contained  fluid,  it  will  sink  from  his 
tantalized  lips  to  stand  at  an  elevation  marking.,  j 
lusBuction  power.  t,#  j 

To  illustrate  the  second  proposition  respectingr  J 
the  trifling  suction  power  really  residing  in  tJie*  ] 
chest,  we  shall  state  that  a  person  of  oidinai-yi  j 
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9tr«iigth(  using  the  power  of  the  cheat  only,  autl 
nut  of  the  mouth  separately,  (which  is  a  smaller 
and  much  more  powerful  pump  than  the  chest), 
caiiimt  through  a  rigid  tube  suck  water  from 
more  than  ahout  two  feet  below:  and  the  opposite 
action  of  blowing  outwards  has  nearly  the  same 
limit  as  is  found  by  dipping  the  end  of  a  tube 
two  feet  into  water,  and  then  trying  to  blow 
tlirough  it.     Now  as  water  risea  more  than  thirty 

•  feet  towards  a  periect  vacuum,  such  as  that  of  a 
gooil  pumi),  the  facts  mentioned  prove  that  the 
diminished  pressure  in  the  chest,  as  an  approach 
to  a  vacuum,  is  never  more  than  one^^eenih  of 
the  whole,  and  that  the  increased  pressure  during 
straining,  is  in  a  corresponding  degree.  But  in 
ordinary  breathing,  instead  of  difi'erences  corre- 
sponding  to  a  liquid  column  of  two  feet  or  a 

^JieetUh,  the  increase  and  diminution  of  air- 
density,  in  the  chest,  is  measured  by  a  coUunn 
of  less  than  one  inch,  or  about  a  Jive-/tundretli. 
This  is  easily  shewn  on  breathing  through 
the  nose,  and  holding  oue  end  of  a  glass  tube 
in  the  mouth  while  the  other  end  is  immersed 
in  water,  by  noting  how  much  the  water  in  the 
tube  rises  above  the  surrounding  level  during 
inspiration,  and  sinks  below  it  during  expiration. 

,  The  mouth  during  this  experiment  may  be  cou- 
adered  as  part  of.  the  general  cavity  of  the  chest, 
to  and  from  whicli  air  is  passing  by  the  narrow 
openings  of  the  nostrils.  In  tranquil  breathing, 
■with    both  nosti-ils  open,  the  fluctuation  in  the 

.  tube  is  leas  than  half  an  inch  each  way  ;  with  one 

,  nostril  closed,  and  the  otiier  a  little  compressed. 


THE  ClfiCULATlON.  511 

it  may  amount  to  u  whole  inch  ;  and  with  hurriedt 
or  convulsive  breathing,  like  that  of  an  animal  lot  I 
terror  or  in  pain,  it  may  exceed  twelve  incheft^  i 
Although    the    measures    so   obtained    from    th^  I 
mouth  are  somewhat  too  small  for  the  changes  in  J 
the  chest  itself,  because  the  chest  is  more  remotq  1 
from  the  opening  by  which  the  external  air  enter^  I 
the  difference  is  very  trifling,  as  is  proved  during  I 
such  experiments  by  stopping  the  nostrils  altogej  I 
ther,  and  continuing  the  same  respiratory  effbrtSij  I 
and  also  by  the  agreement  of  the  results  with  stric|  1 
calculation  founded  on  the  inertia  and  velocity  off  | 
the  air  respu'ed : — a  calculation  similar  to  th4|  I 
required  in  adjusting  the  index  to  the  machine  I 
for  measuring  water-currents,  described  at  pagf{  I 
405.      In  common    liealthy  breathing,  with   th^    ; 
mouth  open,  the  fluctuation  of  pressure  in  the 
cliest  is  measured  by  less  than  half  au  iuch  motion 
each  way  Of  the  liquid  column.      Dr.  Barry,  not 
aware  that  tliis  point  could  be  so  easily  determined 
by  the  bloodless  experiment  described  by  the  au- 
thor above,  or  even  by  a  simple  calculation,  has 
sought  the  solution  by  numerous  trials  on  living 
animals,  into  some  part  of  whose  chest  he  forced 
a  tube  ;  but  even  if  farther  experiments  Iiad  been 
at  all  necessary,  these  of  Dr.  B.  could  not  have 
decided  the  question.     Ist.  Because  the  breathing 
became  violent  or  unnatural,  from  the  pain  and 
agitation  of  the  animals ;    and,  2d.  Because  the 
experimental    tube   often    or   always   became    a 
syphon ;  and  Dr.  B.  not  adverting  to  this  fact,  has 
not  recorded  the  difference  of  level  in  the  liquid 
at  the  two  ends.     That  the  external  level  was  lor 
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Ac  most  part  higher  ttian  the  internal,  is  proveil 
by  liis  having  noticed  ahncst  solely  the  inhaling 
■ctioii  of  the  chest,  although  the  erfialing  is  gene- 
rally an  equal,  and  oilen  a  more  powerliil  eflbrt. 
'  Calling  an  inch  column  of  blood,  then,  the 
measure  of  the  greatest  sugescent  and  repellent 
powers  of  the  chest  during  ordinary  respiration, 

'  we  see  that  the  tbrce  which  really  sends  the  blood 

'  from  below  to  the  heart,  may  have  to  lift  a  column 
*ne  inch  shorter  during  inxpiration,  and  one  inch 
longer   during  ea-pirativn. — And  this  is  the  fiill 

'  iwiii  true  measure  and  nature  of  the  influence  of 
■the  respiration  on  the  blood's  return  to  the  heart 
hy  the  veins.  To  say  that  the  atmosj)heric  pres- 
sure, modified  by  respiration,  is  the  great  power 
*hich  moves  the  venous  blood,  is  as  if  we  said, 
that  a  boy  standing  near  the  ponderoiw  fly-wheel 
<&*'  a  steam-engine,  and  giving  it  his  Lilliputian 

'  'thrust,    alternately  backward  and  forward,  were 

I  'the  prime  moving  force  oi'  the  machinery. 

i  -I  Were  it  necessary  to  give  proofs,  to  persons 
<tinable  to  follow  the  above  argument,  that  a  suc- 
Ition  ])ower  in  the  heart  or  chest  is  not  the  force 
Which  draws  the  blood  from  the  extreme  veins, 
Ihe  reference  is  ready  to  many  notorious  tacts 

'  iquite  incompatible  with  that  supposition ;  such, 
for  instance,  as  some  recorded  at  page  50S,  and 
iothers. — A  vein  tied,  fills  tensely  below  the  liga- 
ture— a  vein  cut  across  bleeds  from  its  distant 
'Orifice,  and  will  fill  a  lofty  tube  connected  with 
'it>— the  circulation  is  perfect  in  the,/ie/its  in  uteru 
which  breathes  not — and  it  goes  on  in  persons 
holding  their  breatli,  and  in  divers,  &c.  &c.  . 
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After  the  explanations  now  given,  it  is  almost 
superfluous  to  remark  that  absm-ptton  in  animals-  j 
cannot  depend  on  atmosplieric  pressure,  and  thai 
the  effect  of  cupping-glasses  apphed  to  extract 
blood,  or  to  prevent  the  absor[)tion  of  poison  iU 
wounds,  in  no  way  depends  upon  the  fluctuating' 
density  of  tlie  air  in  the  chest.  Dr.  Barry's  rea»i,  I 
sonings  upon  these  subjects  involve  the  same 
fallacy  as  his  reasonings  on  the  venous  currenti 
Witb  respect  to  absorption,  they  neglect  the  fac| 
of  fluids  having  weight;  and  with  respect  to  cup* 
ping-glasses,  of  which  the  true  action  is  explained' 
at  page  325,  they  are  equivalent  to  asserting  thati 
tile  action  of  pinnps  drawing  water  from  a  rive*- 
among  the  hills  is  influenced  by  tides,  or  pump»i  I 
operating  at  its  mouth  in  the  sea.  i' 

If  the  fluids  in  animal  vessels  Jiad  no  weigiit* 
it  is  true,  that  in  absorption,  an  external  atmof' 
spheric  pressure  of  fifteen  pounds  per  inch  might' 
force  new  matter  into  a  receiving  orifice  at  the'  1 
instant    during    inspiration    when    the    opposing 
pressure   in  the  chest  at  the  other  ends  of  the' 
vessels  were  half  an  ounce  per  inch  less, — there'  | 
would  be  no  physical  absurdity  in  supposing  thi^- 
althoiigh  there  are  physiological  facts  that  disprovd' 
it — but  when  we  reflect,  that  in  all  vessels  undet', 
the  level  of  the  heart,  the  weight  of  the  fluiito' 
causes  an  additional  outward   pressure  of  about'  j 
half  an  ounce  troy  for  every  perpendicular  inch' 
of  fluid  column,    making   an  excess  of  outward'' 
pressure  at  the  toes,  even  at  the  most  favourable' 
time  for  absoi-ption,  of  about  two  pounds  perinchi 
we  see  that  absorption  must  be  a  strong  aclimi  af^l 
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JKifc,  able  to  overcome  a  great  excesa  of  mechanical 
reaiatance,  instead  of  a  passive  phenomenon  obey- 
ing an  excess  of  mechanical  force.  If  a  mere 
balance  of  pressures  acted  at  tlie  orifices,  as  Dr. 
B.  supposes,  t])c  blood  and  other  fluids  would  be 
constantly  oozing  from  all  orifices  below  the  heart, 
as  blood  really  does  from  an  artificial  07»ehing, 
.  and  with  force  that  wotdd  fill  a  tube  reaching  as 
high  as  tlie  heart.  It  would  be  good  news  for 
proprietors  of  mines  and  others  having  to  raise 
water,  if  by  taking  off  an  ounce  or  two  per  inch 
of  the  atmospheric  pressure  at  the  top  of  a  fiiU 
pipe,  the  constant  pressure  elsewhere  would  then 
force  in  water  at  openings  below,  and  cause  an 
upward  current : — but  in  truth,  to  make  the  at- 
mosphere efficient  below,  powerful  steam-engines 
or  other  means  must  be  used  above  to  take  off  a 
pressure  of  half  an  ounce  per  square  inch  for 
every  inch  in  height  which  the  water  has  to  rise. 
'  Another  erroneous  view  of  atmospheric  pressure 
akin  to  that  which  we  Iiave  been  considering,  is 
expressed  in  the  following  reasoning  on  tiie  pro- 
gress of  blood  in  the  veins. — The  atmosphere 
presses  15  lbs.  per  square  inch  on  all  things;  the 
blood  in  a  vein,  therefore,  with  20  inches  of  sur- 
face, is  pressed,  through  the  flesh,  with  a  force  of 
fiO  times  15,  or  300  lbs.,  while  a  cross  sectiftn  of 
the  vein  near  the  heart  might  measure  less  than 
©ne  inch.  The  blood  is  therefore  always  running 
towards  the  heart  from  a  powerful  excess  of 
atmospheric  pressure. — The  law  of  fluid  pressure, 
explained  at  page  229,  solves  this  paradox.  The 
'name  reasoning  would  prove  that  an  eeUskin  filled 
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Wift  ■jfateraiid  suspended  by  its  lip,  when  exposed 
to  the  pressure  of  the  atmosphere,  should  quickly 
run  over,  and  be  emptied ;  and  nearly  the  same 
would  prove  that  a  long  sharp  wedge  thrown  into 
water  should  seem  always  to  be  running  away  from 
its  point ;  and  that  a  ship  formed  like  the  wedge 
should  make  quick  speed  across  the  sea  without 
either  oar  or  sail. 

A  knowledge  of  the  facts  detailed  under  tlie  three 
heads  of  arteries,  capillaries^  and  veins,  prepares 
for  the  discussion  of  the  following  subjects. 

The  force  of  the  heart. 

The  arterial  tension  of  four  pounds  to  the  square 
inch,  marked  by  its  sujipoiling  a  column  of  blood 
eight  feet  high,  is  produced  by  the  action  of  the 
heart;  but  as  the  heart,  while  injecting  the  blood 
against  this  resistance,  has  moreover  to  overcome 
the  inertia  both  of  the  quantity  injected,  and  of 
the  mass  in  the  great  artery  first  moved  by  the 
injection,  and  the  elasticity  of  the  vessel  yielding 
to  momentary  increase  of  pressure,  the  heart  acts 
probably  with  a  force  of  six  pounds  on  the  inch. 
Now  as  the  left  ventricle  of  the  human  heart,  when 
distended,  has  about  ten  square  inches  of  internal 
surface,  the  whole  force  exerted  by  it  may  be 
about  sixty  pounds.  It  is  remarkable  that,  with 
Uiis  easy  means  of  solving  tlie  question,  the  cor- 
rect and  elegant  Majendie  in  hia  recent  elements 
v£  physiology,  should  speak  of  it  as  undetermined  j 
and  as  the  best  approximation,  should  cite  a  cal- 
culation from  the  obscure  circumstance  of  a  loaded 
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foot  shaking  in  uiitson  with  the  pulse,  wlieii  ,«((»• 
pended  in  tiie  cross-legged  sitting  attitude. 

The  velocitj/  qf  tiie  drculalhig  blood 

Has  been  much  over-rated.  1st.  By  assuming 
that  the  ventricles  of  the  heart  are  filled  and 
emptied  at  each  pulsation.  Now  tliis  is  disproved 
on  exposing  the  heart  of  a  living  bodj'  j  and  also 
by  the  valves  between  the  auricles  and  ventricles 
not  closing  so  perfectly  as  quite  to  prevent 
regurgitation.  ?d.  By  supposing  the  issue  of 
blood  from  a  wounded  artery  or  vein  to  be  the 
measiu'e  of  the  usual  velocity.  Now  it  would  be 
as  reasonable  to  suppose  the  issue  of  water  from 
^ny  pipe  connected  with  a  reservoir  to  be  the 
measure  of  a  continued  current  in  the  pipe,  al- 
though an  equal  issue  would  occur  whether  the 
^*ater  in  the  pipe  were  usually  at  rest  or  in  motion, 
3d.  By  supposing  the  frequency  of  the  pulse  to  be 
a  measure.  Now  we  know  that  in  diseases  of  de- 
bility, and  in  animals  bleeding  to  death,  the  pulse 
usually  becomes  frequent  as  it  becomes  more 
feeble,  and  as  there  is  less  blood  moving.  4th, 
and  lastly.  By  supposing  the  strength  of  the  pulse 
id  be  the  measure.  Now  we  find  that  the  pulse  in 
an  artery  just  tied,  and  where  consequently  there 
is  no  current  at  all,  is  little  weaker  than  in  an 
open  artery. — The  common  fact  of  a  person's  feet 
I  remaining  stone-cold  for  hours,  although  the  pulse 
I  in  the  arteries  leading  to  them  be  nearly  as  usual, 
is  a  proof  that  exceedingly  little  blood  is  passing 
through  the  capillaries  at  the  time,  and  that  the 
pulse  is  therefore  no  measure  of  its  speed. 
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The  ventricles  of  the  heait  appear,  under  com-. 
mon  circumstances,  to  throw  out  about  an  ounce  ] 
and  a  half  of  blood  at  every  contraction — or  about  i 
scVeti  pounds  per  minute.     Now  if  the  body  cori-  ■ 
tain  about  twenty  pounds  altogether,  as  is  pro^ 
bable,  the  whole  would  circulate  twenty  times  iti.  I 
an  hour.     This  would  give  an  average  velocity  of  ] 
about  eight  inches  per  second  in  the  aorta,  becom-, 
ing  gradually  less  in  the  smaller  arteries,  because  j 
whenever    an    arterial    channel     subdivides,    the-, 
branches  taken  together  have  considerably  greater  1 
area  than  the  trunk  from  which  they  arise,  ancl(  1 
thus  the  collective  channel  goes  on  increasing  ij\A 
magnitude  as  the  divisions  are  more  numerouv^ 
and  the    current  diminishes   in  a  corresponding^^] 
proportion  ; — -just  as  the  speed  of  a  river  strearo,"! 
is  always  less  in  the  parts  which  are  deeper  ana 
broader.     The  velocity  in  the  extreme  capUlarieg^ 
is  often  less  than  one  inch  per  minnfe.     In 
veins  the  blood  must  move  as  much  more  slowly, 
than  in  corresponding   afteries,  as  the  veins  are 
larger  than  the  arteries. 

The  pulse. 

The  opinion  which  the  ancients  held,  that  the' 
arteries  contained  vital  spirits  or  air  and  not  blood, 
rendered  the  pulse,  to  them,  a  very  mysterious' 
phenomenon  ;  and  many  curious  hypotheses  were' 
framed  to  explain  it.  These  it  would  now  be. 
unprofitable  to  detail.  Even  Harvey*s  grand  diai 
covery  of  the  circulation,  however,  has  not  reri-' 
dered  the  subject  so  simple  as  might  have  beeo 
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anticipated.  The  following  opinions  exist,  or 
have  lately  existed,  with  respect  to  the  pulse. 

Ist  The  great  majority  of  physiologists  have 
believed  that  a  tumefaction  is  produced  in  the 
aorta  by  each  jet  of  blood  from  the  heart,  and 
spreads  afterwards  as  a  wave  into  all  the  arterial 
branches.  2d.  Many  have  supposed  a  contractile 
action  of  the  arteries  themselves,  corresponding 
to  that  of  the  heart.  3d.  Bichat,  being  unable 
by  any  means  to  detect  the  slightest  change 
of  diameter  in  the  arteries  during  pulsation,  but 
perceiving  that  in  many  situations  they  were 
somewhat  lengthened,  causing  straight  portions 
to  bend  a  little,  and  curved  portions  to  bend  still 
more,  held  that  this  locomotion  of  the  artery  was 
the  cause.  4th.  Others  have  supposed  the  impulse 
of  the  hearts  contraction  to  be  conveyed  through 
the  fluid  blood,  somewhat  like  sound,  or  like  a 
blow  struck  on  one  end  of  a  log  of  wood,  which 
is  felt  distinctly  by  a  hand  applied  to  the  other, 
although  there  be  no  visible  locomotion.  5th. 
Dr.  Young,  in  the  paper  in  the  Philosophical 
Transactions  already  alluded  to,  has  explained 
that  a  sudden  rush  forward  of  the  blood  in  the 
artery,  such  as  would  be  produced  without  any 
increase  of  size,  by  injection  at  one  end  of  a  rigid 
tube,  would  be  felt  by  a  finger  applied,  quite  as 
distinctly  as  a  tumefaction,  and  he  deems  this 
occurrence  a  chief  cause  of  the  pulse.  Dr.  Parry, 
in  his  work  on  the  pulse,  points  to  it  as  the  cause 
almost  exclusively. 

Now  the  truth  is,  that  the  pulse  in  the  living 
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body  does  not  depend  upon  any  one  of  the  parti- 
culars noticed,  but  has  all  of  them  as  elements, 
and  its  fluctuations  and  varieties  depend  upon 
the  proportions  in  which  the  elements  arc  comt 
bined.  We  shall  review  them  again  to  prove  thiS'  1 
truth. 

1st.  A  tumefaction  or  wave  must  spread  from 
the  heart  to  the  extremities  at  each  jet  of  blood 
thrown  into  the  aorta ;  for  it  is  evident,  tliat  if 
blood  be  at  all  pushed  into  the  arterial  system,  it 
either  must  dilate  it,  or  cause  an  equal  quantity 
to  be  expelled  at  the  same  instant  from  the  distant 
extremities  :  now  as  the  passage  of  blood  tln-ougi 
the  capillaries  appears  perfectly  uniform,    therfl  J 
must   be  an  intermediate  dilatation.     Dr.  Parry  1 
and  others,  should  not  have  denied  this  dilatatiotf  i 
because  they  could  not  see  it :   for  even  if  it*  1 
advancing  front  were  more  considerable   than  it 
is,  from   passing  with  the  velocity  almost  of  ft  1 
shock  of  electricity,  it  could  no  more  be  viabl*  1 
than  a  cannon  ball  crossing  before  the  face. 

2d.  Contraction  of  the  arteries  themselves  ceN  ; 
tainly  does  not  take  place  in  the  manner,  and  to 
the  extent,  supposed  by  those  who  have  spoken  of  I 
it  as  a  means  which  might  be  a  substitute  for  thtf 
action  of  the  heart  itself  in  propelling  the  blood  J  i 
but,  as  shewn  at  page  489,  the  rigidity  of  tubrf'  i 
which  causes  the  pulse  to  be  transmitted  so  quickly 
in  all  degrees  of  arterial  dilatation,  can  depend 
on  nothing  else  but  a  contraction.      There  ar*  1 
some  reasons  for  doubting  whether  this  rigidit^'l 
may  not  increase  at  the  n»oment  of  the  pulse. 

Sd.  Unless  the  arterial  tubes  were  absolotelj^ 
9i.  « 
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iQelastic,  whicK  they  are  far  from  being,  they 
tmtst  be  len^theited  a  little  by  a  sudden  injection 
of"  blood,  and  therefore,  at  all  the  curvatures  par- 
ticularly, there  ?nust  be  a  degree  of  locomotion, 
ofleii  sensible  to  a  linger  applied, 

4tli.  That  a  tangible  shock  is  conveyed  through 
a  fluid  without  any  apparent  accumulation  of  it 
or  change  of  velocity,  and  much  in  the  majuKr 
of  sound,  Is  proved  by  the  facts,  that  we  may 
discover  the  working  of  a  water-pump  at  very 
great  distances  tlirough  the  iron  pipes  leading 
from  it,  and  even  through  elastic  leather  pipes,  as 
diose  of  a  common  fire-engine,  from  which  the 
water  spouts  in  a  uniform  Btreani.  The  pulse  in 
a  tied  artery,  in  which  there  is  no  current  or 
rusliing  wave,  is  chiefly  of  this  nature  and  from 
the  locomotion  of  the  artery. 

5th.  That  any  additional  quantity  of  fluid  in- 
jected into  elastic  vessels  already  full  must  spread 
all  over  with  a  forward  rush,  affecting  the  finger 
of  an  examine!'  as  described  above,  is  also  most 
certain.  Tlie  heail,  however,  often  beats  without 
discharging  much  of  its  blood,  and  in  many  arte- 
ries, from  inaction  of  the  capillaries,  or  pressure, 
the  blood  for  a  time  makes  little  or  no  progress, 
and  yet  tlie  pulse  remains  very  distinct :  it  must 
be  produced  in  sucli  cases  independently  of  the 
forward  rush.  Au  animal  intestine  prepared  and 
died  with  water  or  air  and  laid  upon  a  table,  or 
a  full  vein  in  the  living  body,  carries  a  rapid  and 
distinct  pulse  to  a  great  cUstance  when  gently 
tapped  by  the  finger.  The  cause  of  the  sensittoii 
there  cannot  be  the  simple  forward  rw*A  vitbout 
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twnefaction,    described   by  Dr.  Young  and  Dr. 
Parry. 

In  whatever  proportions  these  causes  combiae 
to  form  the  pulse,  its  force  must  be  proportioned 
to  the  size  of  the  artery.  Hence  as  an  artery 
leading  to  an  inflamed  part  becomes  of  greater 
calibre,  its  pulse  also  becomes  stronger. 

It  is  a  remark  respecting  the  pulse,  appear- 
ing to  the  author  worthy  of  deep  consideration, 
that  if  the  purpose  of  the  heart  and  arteries  were 
merely  the  propnlsion  and  conveyance  of  the 
blood,  their  structure  and  action  would  form  most 
signal  deviations  from  the  ascertained  rules  of 
propriety  in  mechanics.  In  machines  of  human 
contrivance,  it  is  one  of  the  most  important 
maxims  to  avoid  all  shocks,  or  jerking  irregular 
motions ;  and  in  foiiner  parts  of  this  work, 
have  described  fly-wheels,  air-vessels,  springs,  Scojim 
as  means  of  obtaining  or  maintaining  uniformit^l 
and  of  preventing  tlie  tearing  and  straining  (tf^l 
parts  which  would  else  happen.  In  the  human- 
body,  also,  we  have  had  to  describe  the  beautiful 
elasticity  of  the  spine,  of  the  arch  of  the  foot,  of 
the  cartilages  of  joints,  &c.  answering  the  same 
ends  :  and  to  remark  that,  in  other  cavities  alter- 
nately filled  and  emptied  like  the  heart,  as  the 
stomach,  bladder,  uterus,  &c^  there  is  smooth 
and  gradual  action.  Ilie  heart  alone  is  the  rug- 
ged anomaly  which,  from  betbre  birth  until  the 
dying  moment,  throbs  without  cessation,  and  send«^ 
the  bounding  pulse  of  life  to  every  part :  and  mor^^ 
over,  instead  of  being  secured  and  tied  down  to 
its  place,  it  is  suspended  to  the  extremity  of  the 
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aorta,  as  a  weight  at  the  end  of  an  elastic  rod  or 
plank ;  and  every  time  that  it  fills  the  aorta  by 
its  contraction,  a  sudden  consequent  tendency  of 
this  to  become  straighter  throws  it  with  violence 
against  the  ribs,  in  the  .place  where  the  hand  ap- 
plied feels  it  so  distinctly  beating. 

One  reason  probably  of  the  pulsation  of  the 
heart,  is  that  the  agitation  and  churning  which 
the  blood  suffers  in  passing  through  it,  may  keep 
in  complete  mixture  all  the  heterogeneous  parts, 
which  so  readily  separate  when  left  to  repose: 
but  this  cannot  be  the  only  one.  The  pheno- 
menon seems  to  have  relation  to  some  important 
law  of  life  still  hidden  from  us. .  The  stimulus  of 
the  blood  has  been  assigned  as  the  cause  of  the 
hearts  contraction :  but  this  seems  incorrect,  when 
we  reflect  that  the  heart  will  beat  after  removal 
£rom  the  body,  and  when  it  contains  only  air ;  an$l 
that  during  life  it  beats  with  extraordinary  regu- 
larity, whether  the  state  of  the  circulation  allow 
it  to  empty  itself  at  each  beat  or  not.  We  cannot 
contemplate  this  subject  and  not  perceive  a  strong 
analogy  between  the  action  of  the  heart  and  some 
electrical  phenomena  in  which  there  are  successive 
accumulations  and  exhaustions  of  power ;  and, 
recollecting  the  important  relations  which  late  re- 
searches have  shewn  between  electricity  and  cer- 
tain actions  of  life,  the  inquiry  becomes  more 
interesting: — ^galvanism  can  excite  the  muscles 
to  their  usual  actions — ^it  affects  the  secretions  and 
the  digestive  function,  and  the  breathing  in  asthma 
— strong  animal  passion  seems  to  produce  electri- 
cal excitement;    and  certain  animals  have  the 
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Faculty  of  stunning  their  enemies  by  an  electrical 
discharge.  The  pulse,  then,  in  its  sudden,  strong 
and  regular  recurrence,  may  be  a  kindred  plieuo- 
mena.  In  this  view,  there  would  be  less  difficulty 
in  supposing  a  momentary  slight  contraction  of 
the  whole  arterial  system,  such  as  the  sudden 
stiffening  and  rising  of  the  mesenteric  arterial  tree 
so  readily  suggests  ;■ — but  if  there  be  such,  it  is 
still  dependent  on,  and  proportioned  to,  the  action 
of  the  heart ;  it  occurs  only  with  that  of  the  heart  j 
it  indicates  any  disturbance  of  the  heart's  action  ;■ 
and  at  death,  it  ceases  in  the  remote  extremities' 
first. 

The  preceding  considerations  exhibit  the  pulse' 
as  a  complex  subject,  and  one  on  which  profes- 
sional opinions  are  not  yet  settled.  By  shewing' 
it3  close  relation  to  the  powers  of  life,  they  also 
prove  it  to  be  an  object  of  high  importance  to  th6 
medical  practitioner — a  truth,  indeed,  which  has 
scarcely  been  questioned  but  by  persons  singu- 
larly deficient  in  the  power  of  tactile  discernment, 
or  utterly  uninformed.  Still,  because  no  simple 
and  good  analysis  of  the  pidse,  and  detail  of  its' 
relation  to  morbid  states,  has  yet  appeared,  the 
skill   acquired  with   respect    to  it  by  individual 


practitioners  is  very  i 


IS,  and  in  a  gieat  mea-' 


sure  accidental.  Some  try  the  pulse  merely  for 
form's  sake,  because  patients  expect  it,  and  many' 
examme  it  only  to  count  its  frequency  ;  but  others 
read  in  it,  with  great  confidence,  much  of  the 
history  and  probabilities  of  the  disorder,  and 
hence  decide  on  the  treatment  Few  who  have 
2l  t 


5M  FLUIDITY  IN  R^ATION  TO  ANIMALS. 

attended  to  the  subject  at  all,  can  confound  the 
pulses  of  certain  diseases,  such  as  acute  rheumi^ 
tism,  gastric  inflammation,  the  fits  of  ague,  &c« 
The  author  remembers  to  have  conversed  wifJi  a 
Chinese  practitioner  who  had  only  the  scani^ 
medical  information  of  his  countrymen,  but  who 
judged  by  the  pulse  in  a  way  to  surprise. 

The  changing  circumstances  in  the  state  of  thct 
circulatory  system,  connected  with  health  and 
disease,  and  discoverable  by  a  finger  watching  the 
pulse,  are  chiefly  the  following ;  and  the  epithets: 
added  in  italics,  are  those  which  best  indicate  the 
sensations  perceived.  The  artery  at  the  wrist  ia 
that^enerally  chosen  for  ei^amination,  becaijtte  it 
ia  only  covered  by  skin,  and  has  nothing  betwi^ea 
it  and  the  bone  below. 

1st  The  number  of  the  contractions  of  the 
heart  in  a  given  time,  and  the  regularity  of  thi^ 
recurrence. —  Pulse,  frequ/entj  slo^^  intemiitt&U^ 
equaly  regular y  of  varying  force. 

2d.  The  degree  of  the  heart's  contraction,  or 
the  quantity  of  blood  ejected  at  each  time — and 
the  state  of  the  capillaries  as  to  the  quantity  of 
blood  passing  through  them,  which,  of  course, 
must  correspond. — Pulse,  JidU  longj  labouring, 
bounding^  foeble. 

3d.  The  force  of  the  heart's  action,  with  the 
correspondent  arterial  tension  or  rigidity.-^Pulsei 
hardy  sharpy  strongy  ttrfry,  xveaky  softy  yielding. 

4th.  The  suddenness  of  the  individual  contrac- 
tions  of  the  heart,  and  the  rigidity  of  the  vessel 
in  conveying  the  shock. — Pulse,  quicks  tardy. 
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5th.  The  size  of  the  artery  for  the  time,  whether 
larger  or  smaller  than  usual. — Pulse,  Xull,  lar^ 
strong,  small,  s^eak. 

Superficial  as  is  this  sketch,  it  may  shew  that  4;  I 
good  treatise  on  tlie  subject  of  the  pulse,  as  coiM  I 
nected  with  pathology,  is  yet  a  desideratum  ii^  J 
medicine.     The  sort  of  empirical,  but  yet  useft^  I 
tact  which  many  acquire,  should  not  satisfy  th^i  ^ 
reasoning  physician;  and  to  judge  intelligently^ J 
the  mind  must  have  present  to  it  all  the  coa«J 
stituents    of    the   pulse,    and    all    the    important^  1 
circumstances  so  related  to  it,   that  it  may  indit;  I 
cate   them.      The    laboured   treatises  of  Solan(fy  ' 
Bordeu,  Boer/iave,  &c.  may  treat  of  what  were 
clear  ideas  to  them,  but  by  not  referring  to  the 
physical  causes  of  many  varieties,  they  become 
obscure  to  others,  and  many  of  the  divisions  and 
denominations   appear   altogether  fanciful.      Dr. 
Young's    excellent    paper    in   the    Philosophical 
Trausactions  details  important  facts,  but  it  wag 
not  the  intention  of  it  to  point  out  all  the  patho- 
logical   relations.      Dr.  Y.,    guided   by   physical 
principles,  asserted  a  progressive  motion  of  the 
pulse,  while  other  authors  were  holding  it  to  be 
quite  simultaneous  over  the  whole  system ;   but 
he  seems  to  have  doubted  whether  the  progress 
could  be    clearly    detected. — Now    careful    exa- 
mination may  perceive  the  succession  of  beats 
at  the  four  stations:     1st.  of  the  heart;  2d.  in  the 
lip  ;  3d.  at  the  wrist ;  4th.  at  the  ancle.     As  the 
interval  of  time,  however,  even  between  the  ex- 
tremes, is  only  a  small  part  of  a  second,  practice 
is  required  to  make  the  experiment  satisfactorily. 
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Dr.  Parry's  treatise  on  the  pulse,  which  is  the 
last  one  of  note,  among  many  excellencies,  errs 
in  attributing  the  phenomenon  to  one  cause  too 
exclusively ;  in  denying  arterial  dilatation  because 
it  was  not  discovered  by  his  mode  of  searching 
for  it,  and  in  supposing  that  a  liquid  column  in 
an  elastic  tube  can  be  made  to  advance  like  a 
solid  rod,  or  a  straight  line  of  billiard  balls.  It 
signally  confirms  our  remark  of  the  neglect  of 
mechanical  philosophy  by  medical  men,  to  find 
it  stated  in  works  of  authority,  published  at 
the  present  day,  that  the  arterial  pulse  may  be 
either  more  frequent  or  less  so  than  the  beatings 
of  the  heart.  Dr.  Good  (study  of  medicine)  ssLys, 
that  there  may  be  various  firequency  of  pulse 
in  various  parts  of  the  body  at  the  same  time. 
Richerand  (physiologic)  says,  the  pulse  is  more 
frequent  in  the  artery  leading  to  a  whitlow  than 
elsewhere :  and  many  practitioners  shar6  these 
notions.  What  a  satire  on  the  medical  profes- 
sion is  this  disagreement,  on  a  point  which  to 
common  observers  seems  above  all  others  to  attract 
the  notice  of  the  attendant  on  the  sick ! 

Having  now  explained  the  circulation  of  the  blood 
in  general,  we  proceed  to  consider  some  cases 
where  mechanical  circumstances  modify  it. 

Circulation  in  the  head. 

The  head  may  be  considered  as  an  air-tight 
vessel  or  cavity  of  bone,  containing  chiefly  brain 
and  blood,  and  of  which  the  openings  are  in  com- 
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.  munication  with  the  blood-vessela  leading  to  and 
from  the  heart  The  atmospheric  pressure,  there*  1 
fore,  always  keeps  the  head  full,  as  it  keeps  the.] 
top  of  a  syphon  full ;  and  because  the  substance  of  1 
the  brain  does  not  sensibly  change  its  bulk  by  any  J 
ordinary  degree  of  pressure,  there  must  always  ' 
be  the  same  quantity  of  blood  in  the  head,  how  I 
much  soever  the  quantity  may  vary  in  the  body 
generally.  Regard  to  this  important  truth,  made  j 
intelligible  by  the  discovery  of  the  true  nature  erf"! 
atmospheric  pressure,  enables  us  to  explain  many  f 
liitberto  obscure  facts,  botli  in  health  and  nir  \ 
disease. 

If  from  any  cause  the  arteries  in  the  bead  h&i  \ 
come  too  full  of  blood,  in  the  same  proportioii 
the  veins  must  become  too  empty  ;  or,  if  the  veioi 
be  too  full,  the  arteries  must  be  too  empty  ;  and 
in  either  case  the  circulation  in  the  head  will  bsf 
in  a  corresponding  degree  impeded,  because  when 
any  confined  channel  is  narrowed  or  diminished  j 
in  one  part,  the  current  throughout  the  whole  ig  ^ 
slackened.     Now  as  insensibility  super\enes  when  ■! 
the  supply  of  fresh  blood  to  the  brain  is  inters 
rupted,  and  death  follows  if  the  interruption  con-  | 
tinue  long,  it  seems  evident  that  in  many  of  ths 
cases  of  apoplexy,  where,  on  inspection,  there  is  j 
found  nothing  but  a  fulness  of  the  arterial  or  of  1 
the  venous  system   of  the  head,  death  has  hap*  I 
pened  merely  because  the  circulation  was  arrested  i 
in  this  way.     In  other  parts  of  the  body  not  cir- 
cumstanced like  the  brain,  such  unequal  distri- 
bution of  blood  happens  with  perfect  impunity'l 
to  the  individual. 
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Simple  increase  of  pressure  produced  by  ibe  . 
blood  on  the  brain,  provided  the  proper  balance 
exist  between  the  quantity  in  veins  and  arteries, 
has  no  injurious  effect.  This  is  proved  by  the 
descent  of  a  person  in  the  diving-bell,  where  at 
thirty-four  feet  under  the  surface  of  the  water  the 
body  is  bearing  an  additional  pressure  of  fii^en 
pounds  on  the  square  inch  (see  page  297),  which 
affects  the  brain  through  the  blood-vessels,  just 
as  much  as  any  other  part — On  the  otlier  hand, 
'when  a  man  climbs  a  mountain,  or  asceruls  in  a 
balloon,  the  brain  is  less  pressed  than  usual ;  but 
the  proper  balance  of  artery  and  vein  being  main- 
tained, no  inconvenience  is  felt  from  this  cause. 
The  inhabitants  of  some  of  the  vallies  among  the 
Andes  are  as  far  above  the  sea  as  they  would  be- 
at  the  top  of  Mont  Blanc,  but  they  enjoy  good 
health. 

As  the  box  of  the  cranium  encloses  the  brain 
%o  as  to  leave  no  vacant  space,  it  is  evident,  that 
when  the  heart  injects  blood  with  unusual  violence, 
the  strain  at  first  is  chiefly  borne  by  the  cranium 
itself,  and  not  by  the  coats  of  the  blood-vessels. 
Hence  the  arteries  of  the  brain  are  not  nearly  so 
strong  as  those  of  other  parts  of  the  body. 

The  veins  of  the  brain  are  also  peculiar.  Com- 
mon  veins  would  collapse  by  any  sudden  tension 
of  the  arteries,  and  if  they  did,  insensibility  or 
death  would  ensue,  on  account  of  the  consequent 
stoppage  of  the  circulation.  The  chief  channels, 
therefore,  for  the  refluent  blood,  instead  of  being 
common  compressible  veins,  are  what  have  been 
'called  sinuses,  or  grooves  in  the  bone  itself,  with 
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exceedingly  strong  membranous  coverings,  s«p- 
ported  so  powerfully,  that  the  whole  become  is 
strength  little  inferior  to  complete  channels  tff 
bone.  The  singular  deviation  in  the  structure  of 
the  cerebral  veins  from  what  is  found  elsewhere, 
and  without  which  animal  existence  could  ntft 
have  continued,  is  one  of  those  particulars  which 
powerfully  affect  the  contemplative  mind,  as  pro<^s 
of  the  design  which  has  planned  this  glorioui 
universe.  ' 

From  not  adverting  sufficiently  to  the  circma.^ 
stance  which  we  are  now  explaining,  of  the  cra- 
nium being  a  vessel  which  is  always  full  and  wilJ 
only  hold  a  certain  quantity,  misconception  has 
prevailed  among  medical  men  with  respect  to 
many  of  the  affections  of  the  brain. 

It  has  been  said,  for  instance,  that  the  substance 
of  the  brain  cannot  bear  pressure  with  impunity, 
for  that  stupor  immediately  follows  it,  howevef 
produced.  Now  the  truth  is,  that  pressure  pro- 
duces  stupor  only  when  it  stops  the  circulation. 
In  wounds  with  loss  of  a  large  piece  of  the  cranium, 
the  brain  will  bear  very  rough  handling,  because  if 
compressed  in  one  part,  it  may  extend  in  another, 
and  the  circulation  remain  free.  But  if  the  wound 
be  small,  pressure  made  through  it  instantly  affects 
the  whole  brain,    and  the  blood  from  below  is 

prevented  from  entering Let  one  reflect  for  art 

instant  on  what  happens  to  the  head  of  the  child 
during  parturition,  how  often  it  comes  into  the 
world  elongated  and  bent,  almost  as  if  it  were  of 
aoft  clay,  and  for  the  time  hideous :  yet  the  child 
lives  and  thrives  as  well'  as  if  nothing  of  the  kind 
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had  happened. — The  reason  is,  that  the  foetal  skull 
is  soft,  and  pressure  in  one  part  is  relieved  by  a 
corresponding  bulging  or  extension  in  another, 
and  the  blood  is  not  expelled. 

Water  in  the  head,  again,  is  said  to  kill  by  this 
fatal  pressure  on  the  tender  brain :  but,  in  realily, 
it  kills  by  mechanically  arresting  the  circulation. 
Accordingly  we  see,  that  where  the  Jbnianelle  still 
remains  open,  or  where  the  sutures  or  joinings  of 
the  skull  yield,  water  may  accumulate  to  a  great 
degree  without  causing  disturbance. 

A  tumor  in  the  brain,  which  would  be  of  no 
consequence  if  the  brain  were  unconfined,  soon 
becomes  fatal  by  checking  the  supply  of  blood. 

If  the  substance  of  the  brain  at  all  increase  and 
diminish  in  bulk,  like  muscles,  &c.  in  the  body 
below,  all  such  changes  must  produce  a  con- 
siderable effect  on  the  cerebral  circulation  and 
functions. 

Effects  of  position  on  the  circulation. 

While  a  man  is  standing,  the  heart  and  arteries 
have  to  send  the  blood  up  to  the  head  against 
gravity  :  and  in  the  horizontal  position,  the  blood 
may  arrive  with  greater  force,  because  gravity  then 
does  not  resist.  Hence  head-ache  from  fulness  of 
blood  in  the  arteries  of  the  head,  is  often  relieved 
by  the  upright  position,  and  increased  by  lying 
down. 

Many  people  having  a  slight  degree  of  tooth- 
ache during  the  day,  find  it  intolerable  when  they 
lie  down  at  night,  and  are  relieved  again  by  rising 
and  walking  about.     They  often  suppose  that  it  is 
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the  cold  which  lulls  the  pain,  but  it  really  is  the 
change  of  position. — The  author  knew  a  lady  who 
had  a  iic  doidoureua:  that  came  on  always  when   ' 
she  lay  down,  and  she  was  obliged  to  sleep  for 
months  in  the  sitting  posture. 

Delirium  in  fever  has  been  checked  at  once  by 
elevating  the  head.  On  account  of  the  great  re- 
lief thus  obtained,  some  continental  practitionera 
proposed  to  support  the  patient  occasionally  iii  a 
completely  upright  posture. 

Apoplexy  has  often  been  brought  on  by  a  man 
bending  his  head  down  in  the  act  of  tying  hia  ■ 
shoe,  or  pulling  on  his  boot.  ^ 

Children  and  tumblers  being  much  in  the  habit  | 
of  placing  their  bodies  in  all  positions,  feel  no  ' 
inconvenience  from  having  the  head  downwards^  ] 
because  arteries  and  veins  always  become  strong  '. 
enough  to  bear  the  pressure  to  which  they  are 
habituated  j  but  to  many  old  people  accustomed 
to  keep  the  head  always  up,  tiie  attempt  would  ■ 
be  fatal. 

Ulcers  on  the  legs  are  often  obstinate  and  bleed, 
because  the  veins  are  too  weak  to  support  the  lofty  I 
column  of  blood   above  them. — Hence  the  frai 
quent  counsel  given  in  such  cases  to  keep  the  feet  J 
jaised  upon  a  chair. 

Many  inflammations  of  the  legs  and  feet  bftl  j 
come  exceedingly  painful  when  the  limbs  are  in  A  I 
hanging  position,  and  the  pain  is  relieved  by  lajrt  I 
ing  them  hbrizontally.  '  1 

Many  anasarcous  or  dropsical  affections  of  thS  J 
legs  increase  towards  night,  because  diuing  ths 
dependent  position  of  the  legs  through  the  day,  the 
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absorbents  want  power  to  lift  the  fluid :   the  spel- 
ling disappears  again  before  morning. 

When  the  heart  has  to  send  blood  upwards,  it 
Bcems  to  act  more  strongly  titan  when  the  body 
is  liorizontiil,  and  the  pulse  increases  five  or  six 
beats  in  the  minute :  hence  the  common  rule  to 
lay  a  patient  with  hemorrhage  in  the  horizontal 
position,  that  the  heart  may  become  tranquil,  and 
aUow  the  bleeding  to  cease. 

Fainting  Jrom  dhnimsked  arterial  tenstoiu 

Fainting,  which  is  a  temporary  cessation  of  the 
action  of  the  heart,  and  thence,  as  explained 
above,  of  tlie  action  of  the  brain,  is  produced. by 
several  causes,  and  among  others,  when  by  any 
means  the  blood-vessels  about  the  heart  are  ren- 
dered suddenly  less  full  or  tense  than  usual.  It 
would  appear  that  the  heart  being  accustomed  to 
a  certain  degree  of  resistance  when  it  contracts, 
has  its  action  disturbed  when  the  resistance  is 
much  diminished. 

Thus  hemorrhage,  from  any  cause,  by  lessening 
the  general  tension  of  the  sanguiferous  system, 
often  causes  fainting.  The  state  is  relieved  by 
lying  down,  probably  because  the  weaker  action 
of  the  heart  is  then  still  sufficient  to  send  blood 
to  the  head,  until  a  gradual  contraction  of  the 
whole  vascular  system  reproduces  the  tension 
necessary  to  perfect  action.  A  small  quantity  of 
blood  taken  away  suddenly,  affects  fhe  circula- 
tion nearly  as  much  as  a  larger  quantity  taJten 
gradually,  because  a  certain  time  is  required  for 
the  gradual  lessening  of  vessels.  -"!*-. 
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The  ojieration  of  tapping  for  dropsy  in  tlie  ,1 
abdomen,  that  is  to  say,  the  suddenly  remonngl 
a  large  quantity  of  fluid  which  had  been  confc.  ] 
pressing  all  tlie  abdominal  vesssels,  and  keeping  J 
them  perhaps  only  half  full, — by  allowing  such  ] 
vessels  suddenly  to  receive  again  their  natural  I 
quantity  of  blood,  and  thus  producing  a  relaxation  ] 
of  the  other  parts  of  the  vascular  system,  would  ) 
often  bring  on  fainting,  but  for  the  precauti<«  \ 
used  of  tightening  a  broad  bandage  upon  the  1 
body  as  the  water  flows. 

Sudden  parturition  often  causes  faintness  for  the 
same  reasons. 

Even   rising  up  suddenly  from  a  bed  or  couch 
will  cause  an  approach  to  fainting  in  weak  people^  i 
or  in  those  who  have  been  long  bed-ridden,  proi 
bably  because  the  heart  having  for  a  time  been  ' 
accustomed  to  send  blood  only  in  a  horizontal  i 
direction  to  the  head,  does  not  in  an  instant  exert  1 
the  additional  power  required  to  lift  an  upright  < 
column  with  equal  force;  and  because  the  blood  I 
does  not  then  return  to  the  heart,  by  the  veina 
from  the  inferior  parts  of  the  body,  so  readily  as 
before. 

These  various   facts,    now    easily  understood,' 
form  the  reason  of  a  rule  which  is  a  great  modem.  • 
improvement  in  the  practice  of  tlie  healing  art^ 
viz.  in  Weeding  for  the  cure  of  inflammation,  to  ' 
take  the  blood  away  as  qmckly  as  possible.     This 
subject  deserves  a  little  farther  consideration.        1 

A  great  proportion  of  dangerous  diseases  involve 
in  their  nature  inflammation  of  some  vital  organ ; 
and  inflammation  consists  chiefly,  as  already  stated 
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at  page  4>97f  of  a  gorging  or  over-distention  of 
the  capillary  vessels  in  the  part  The  nature  of 
the  capillaries,  again,  is  .  such  (page  495),  thai 
when  not  constantly  filled  by  the  pressure  of  the 
heart  behind  them,  they  gradually  empty  them- 
sdives  towards  the  veins  by  their  own  action — as 
is  seen  in  ihe  disappearance  of  a  mortal  inflamma. 
tion  soon  after  the  death  of  the  person;  in  the 
fact  of  the  arteries  being  emptied  of  blood  after 
breathing  ceases,  &c.  Now  ever  since  medicine 
deserved  tlie  name  of  an  art,  practitLc»iers  have 
accounted  the  lancet  their  sheet-anchor  in  inflam- 
matory disease ;  but  it  is  only  in  late  times^  aft^ 
the  circulation  of  the  blood  was  understood*  tihat 
they  have  known  the  rationale  of  the  remedy^ 
viz.  that  it  acts  by  diminishing  vascular  tension^ 
and  thence  the  action  of  the  heart,  and  so  allow* 
ing  the  small  vessels  to  empty  themselves  by 
their  own  force,  and  to  recover  sufficiently ^  to 
resist  the  return  of  an  excessive  load.  It  is.  still 
more  lately  that  they  have  known  and  under- 
stood, how  much  more  suddenly  and  completely 
the  disease  is  cured  by  abstraction  of  a  small 
quantity  of  blood  so  rapidly^  as  to  produce 
fainting,  than  of  a  much  larger  quantity  so  slowly 
that  only  weakness  follows.  Judicious  treatment 
now  cures  inflammation  more  certainly  and  better 
than  was  done  formerly,  yet  with  much  smaller 
loss  of  the  precious  blood,  and  less  danger  of 
those  diseases  of  weakness,  or  of  a  complete 
breaking-up  of  the  constitution,  which  often  fol- 
low great  depletion.  To  induce  faintness,  large 
openings  into  the  veins,  are  made^,  .and  oftsen.  into 


THE  CIHCULATIOfJ. 


535 


two  veins  at  once,  and  the  patient  is  kept  in  thej 
upright  attitude.      Often  thus    an  inflamed  eyeji  ] 
which  was  as  red  as  scarlet  before  bleeding,  in  a/  ( 
few  minutes  is  rendered   nearly  of  the   natural' 
appearance ;    and  most  intense  inflammations  of 
the  brain,  lungs,  bowels,    &c.  yield  in  the  samoi  , 
manner.     In  all  these  cases  tlie  faintness  seems  tol  | 
be  equally  efficacious,  whether  it  liappens  aftert  J 
the  loss  of  ten  ounces  of  blood,  or  of  fifty }  on  J 
even  as    sometimes  occurs,  without  bleeding   at:  1 
all,  after  merely  tying  the  arm  in  preparation. 

Reflection  upon  these  circumstances  led  thei  i 
author  to  think  that,  in  certain  cases,  the  bene«  I 
ticial  effects  of  blood-letting  might  be  attainable^^^  J 
by  the  very  simple  means  of  extensive  dry-cuppiiigi, 
alluded  to  at  page  336  ;  that  is  to  say,  by  merelyt  \ 
diminishing  the  atmospherical  pressure  on  a  coni  \ 
slderable  part  of  tlie  body,  on  the  principle  of  the  ( 
cupping-glass  used  very  gently,  and  thus  suddenlje  I 
removing  for  a  time  from  about  the  lieart,  a  quaiit  A 
tity  of  blood  sufficient  to  produce  faintness.  Thtf  I 
results  of  trial  have  been  sucii  as  to  give  grea<(  | 
interest  to  the  inquiry,  and  the  author's  fira*  ' 
leisure  will  be  devoted  to  the  prosecution  of  it— 
An  air-tight  case  of  copper  or  tin  plate  beings  i 
put  upon  a  Imib,  and  closed  by  tying  its  leathern  ( 
collai-  round  the  limb  with  a  garter,  on  part  ■ 
the  air  being  then  extracted  by  a  suitable  syringej  J 
in  an  Instant  the  vessels  all  over  the  Umb  beconifc-i 
gently  distended  with  blood;  and  as  tlie  blood  * 
is  suiklenly  taken  from  the  centi'e  of  the  body;  ' 
&intDess  is  produced,  just  as  by  bleeding  trom  d 
vein.  The  excess  of  blood  may  be  retained  in 
•^  M  2 
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the  limb  as  long  as  desired,  for  the  circulation  in 
it  is  not  impeded.  To  produce  a  powerful  effect 
with  a  alight  diminution  of  pressure,  more  than 
one  limb  must  be  operated  upon  at  the  same  time. 

An  insU'ument  resembling  the  contrivance  now 
described,  was  proposed  about  twenty  years  ago 
by  a  non-professional  person,  as  a  means  of  draw- 
ing all  sorts  of  diseases  out  of  the  body  through 
tlie  pores  of  the  skin.  He  enclosed  a  leg  in  an 
air-tight  case,  he  tlion  admitted  steam  to  beat 
tlie  hmb,  and  relax  the  pores  of  the  skin,  as  he 
aaid,  and  then  he  worked  an  air-pump  to  draw 
out  the  disease.  He  called  the  engine  the  air- 
pump  x>apour-balfi.  In  various  cases  where  its  true 
action  was  desirable,  although  not  understood  by 
the  proposer,  nor  judiciously  managed,  it  proved 
beneficial. 

The  operation  of  applying  tourniquets  or  band- 
ages round  the  limbs,  so  as  to  prevent  the  blood 
from  passing  easily  to  and  from  them,  may  afTect 
the  action  of  the  heart-  It  is  said,  sometimes,  to 
have  prevented  the  accession  of  ague.  It  is  e 
means  akin  to  those  above  described. 

Because  arteries  are  stronger  than  veins,  a  band- 
Age  may  be  put  round  a  limb,  tight  enough  to  close 
the  veins  but  not  the  arteries,  and  the  limb  will 
then  swell  beyond  the  ligature.  By  thus  putting 
tight  elastic  bandages  round  all  the  limbs  at  once, 
and  immersing  them  in  warm  water  to  favour  the 
dilatation  of  their  vessels,  so  much  blood  may  be 
suddenly  detained  in  them  as  to  cause  the  person 
to  faint.  Such  means,  therefore,  might  also  be 
Msed  remedially. 
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When  a  Jienna  or  other  tumor  is  strangulated; 
it  swells,  and  if  not  relieved,  at  last  mortifies. 

For  the  same  reason,  a  tight  handkerchief,  or 
stock  round  the  neck,  will  often  retain  the  venous 
blood  in  the  head,  and  cause  apoplexy. — Strong 
pressure  made  on  the  jugular  veins  kills  as  cer- 
tainly as  if  made  on  the  windpipe. 

Diffused  pressure,  like  that  made  by  rolling  a 
bandage  round  a  whole  limb,  or  by  the  immersing 
it  in  fluid,  must  affect  the  circulation.  The  veins 
will  be  more  compressed  than  the  arteries,  by 
reason  of  the  distending  force  in  them  being  less. 
Varicose  veins,  therefore,  are  usefully  supported 
by  a  bandage  or  laced  stocking.  The  reason  why 
this  manner  of  supporting  assists  so  powerfully  in 
the  healing  of  ulcers  on  the  legs,  may  be,  because 
the  support  affects  the  capillaries  and  absorbents 
as  well  as  tlie  larger  vessels. 

Poultices,  by  their  weight,  produce  a  soft  com- 
pression of  the  parts  on  which  they  are  ap]jlied ; 
and  in  certain  cases,  may  benefit  by  mechanically 
squeezing  the  excess  of  blood  out  of  weakened 


The  author  has  relieved  the  chronic  inflamma- 
tion of  sprained  ancles,  by  ordering  the  foot  and 
leg,  covered  with  an  oiled-silk  stocking,  to  be 
enclosed  in  a  boot  strong  enough  to  support  the 
pressure  of  fluid  mercury,  and  to  be  then  sur- 
rounded by  this  for  an  hour  or  more. — The  cflPect 
is  a  pressure  by  the  mercury  on  the  weak  vessels, 
of  one  pound  to  the  square  inch,  for  every  two 
inches  of  tlie  mercurial  depth  above  the  part — 
A  height  of  four  or  five  inches  gives  the  relief 
2    M  3 
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physiologists.  Thus  far,  however,  we  know — ^that 
the  ingredient  called  oaygen^  forming  a  fifth  of 
tlie  atmosphere,  is  the  most  essential  part — ^that 
by  being  breathed  once,  air  is  rendered  unfit  for 
farther  respiration  at  the  time — and  that  a  man  re- 
quires about  a  gallcHi  of  air  per  minute.  Mr.  Spald- 
ing and  his  companion  who  descended  in  one  of 
the  first  used  diving-bells,  owing  to  the  signal  cord 
becoming  entangled  round  the  great  rope  of  the 
bell  which  twisted  in  descending,  could  not  make 
their  want  of  air  known  above,  and  were  both 
found  dead  when  the  bell  was  drawn  up  soon 
after,  although  the  water  had  not  been  near  them. 
Of  a  hundred  and  forty-six  Englidimen  who  in 
the  year  1750  were  made  prisoners  at  Calcutta, 
and  were  thrown  into  the  close  dungeon,  called 
the  black-holey  only  twenty-three  survived  the 
hours  of  their  confinement,  and  these  had  to  make 
one  of  the  most  sickening  recitals  of  human  suf- 
fering which  exists  on  record. 

We  know  generally  of  the  life-supporting  action 
of  air  that  it  consists  in  some  change  operated 
on  the  blood,  and  tliat  the  function  of  respiration 
has  to  bring  air  and  blood  together  in  the  cavity 
of  the  chest,  that  the  change  may  take  place. 
The  blood  is  there  moving  along  a  part  of  its  cir- 
cle in  vessels  of  extreme  minuteness  and  thinness, 
and  the  air  at  each  inspiration  rushes  in  among 
these,  so  that  every  globule  of  the  blood  passes 
within  its  influence.  The  blood  which  arrives  at 
this  part  of  its  course  black  and  impure,  firom 
having  served  the  purposes  of  the  body,  imme- 
diately after  its  exposure  to  the  air  enters  the  left 
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chamber  of  the  heart  of  a  beautiful  scarlet  colour, 
and  thence  departs  to  carry  new  life  to  all  parts 
of  the  system. 

The  minute  vessels  through  which  the  circulating 
blood  is  strained  in  the  chest  do  not  hang  loose  in 
the  cavity,  but  are  supported  by  running  through 
spongy  masses,  called  the  lungs,  which  consist 
chiefly  of  vessels  and  of  thin  membrane  formed 
into  cells.  These  cells  at  every  inspiration  are 
filled  with  fresh  air  through  the  cartilaginous 
windpipe  which  branches  into  them,  and  at  every 
expiration  the  changed  air  is  returned  by  the 
same  channels  to  rise  in  the  atmosphere. — The 
lungs  of  a  child,  before  birth,  are  perfectly  col- 
lapsed, or  without  the  least  air  in  their  structure, 
and  hence  are  dense  enough  to  sink  in  water : 
after  breathing  they  retain  a  portion  of  air,  and 
will  float.  This  fact  has  been  accounted  a  test 
of  whether  a  child  had  been  born  dead  or  alive  ; 
but  as  putrefaction,  &c.  will  cause  air  to  be  in 
lungs  which  have  never  breathed,  the  criterion 
may  be  fallacious. 

The  chest  is  a  large  cavity  bounded  above  and 
around  by  the  ribs,  back-bone,  and  sternum, 
and  below  divided  from  the  abdomen  or  belly  by 
a  strong  membranous  and  muscular  expansion, 
called  the  diaphragm.  The  ribs,  in  the  natural 
i«tate,  hang  obliquely  downwards  from  their  at- 
tachments to  the  spine,  and  on  being  raised,  tliey 
widen  or  increase  the  size  of  the  cavity,  as  already 
explained  at  page  204.  The  cavity  is  farther 
enlarged  by  the  descent  of  the  diaphragm,  which 
may  be  regarded  as  the  floor  of  the  chest,  and  as 
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the  roof  of  the  abdomen,  and  which  being  natur- 
ally convex  upwards  like  a  dome,  by  contracting 
itself  to  a  more  flat  condition,  sinks  out  of,  and 
enlarges  the  chest,  while  it  descends  into,  and 
diminishes  the  abdomen. 

Now  when  the  chest  is  thus  enlarged:  by  the 
rising  of  the  ribs  and  descent  of  the  diaphragm, 
or  by  either  singly,  the  air  rushes  into  it  through 
the  mouth  and  windpipe,  exactly  as  air  rushes  into 
a  common  bellows  through  its  pipe,  when  the  valve 
is  shut  and  the  two  boards  are  drawn  apart ;  and 
air  is  again  expelled  from  the  lungs  by  the  con- 
traction of  the  chest,  as  from  the  bellows  when 
the  boards  approximate.  Into  both  cavitira  air 
enters,  because  with  the  enlarging  dimensions, 
the  air  within  dilates,  and  becomes  less  power- 
fully tense,  or  resisting  against  the  external 
pressure  of  the  atmosphere,  and  more  air  rushes 
in  until  equilibrium  is  restored. — The  air  is  ex- 
pelled again  by  the  contraction  of  the  cavities, 
because,  by  being  compressed,  its  elastic  force  or 
tension  becomes  greater  than  that  of  the  external 
air,  which  it  therefore  easily  repels  and  so  escapes. 
-—By  immersing  a  common  bellows  in  water  and 
then  opening  and  shutting  it,  the  entrance  and 
exit  of  the  fluid  is  rendered  still  more  apparent. 

That  the  air  admitted  to  the  chest  should  have 
the  fullest  action  on  the  blood  passing  there,  it 
was  necessary  that  the  spongy  mass  of  Jungs  in 
which  the  blood-vessels  ramify,  should  occupy 
the  whole  of  the  cavity,  and  be  equably  distri- 
buted. Now  while  tfie  ^equable  distribution  is 
effected  by  the  elasticity  or  resilience  which  be- 
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loni^  to  the  structure  of  lung,  the  complete  fill- 
ing of  the  cavity  ia  obtained,  not  by  general 
jittachments  between  the  Inngs  and  the  ribs  or 
sides  of  tlie  chest,  as  might  be  expected,  but  by 
the  following  means,  equally  simple,  and  yet  more 
perfect.  The  spongy  mass  of  the  lungs'  is  com- 
pletely covered  by  a  strong  membrane,  called  the 
pleura,  as  close  in  its  texture  as  a  bladder ;  be- 
tween this  membrane  and  a  similar  lining  of  the 
chest  there  is  no  air  or  empty  space,  and  there- 
fore, in  the  rising  and  failing  of  the  ribs  during 
respiration,  this  membrane  remains  always  in  con- 
tact with  them,  just  as  a  bladder  put  into  a 
bellows  as  a  lining,  with  its  mouth  secured  around 
the  nozzle,  is  filled  and  emptied  and  remains  in 
contact  with  the  interior  of  the  bellows,  in  all  its 
states  of  dilatation,  as  if  it  were  attached  in  a 
thousand  places. — This  construction  allows  the 
lungs  to  have  a  singular  freedom  of  play  during 
all  the  motions  of  the  body ;  a  freedom  farther 
provided  for  by  their  being  divided  into  five  por- 
tions or  lobes,  of  which  three  occupy  the  right 
side  of  the  chest,  and  two  are  in  the  left,  the 
heart  occupying  there  the  place  of  the  tliird. — 
The  right  and  left  sides  of  the  chest  are  ibrmed 
into  perfectly  distinct  cavities  by  tlie  medias/t/ium, 
a  strong  membranous  partition. — The  mechanical 
disposition  of  the  contents  of  the  chest,  as  now 
deacribed,  is  productive  of  ceitain  consequences 
which  it  is  important  to  understand. 

If  a  wound  be  made  in  one  side  of  the  chest  so 
as  to  admit  air,  the  lungs  of  that  side  collapse  in 
obedience    to   tlieir  elasticity    mentioned  above ; 
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and  when  the  chest  then  enlarges  and  diminishes 
in  respiration,  air  more  easily  enters  and  leaves 
the  cavity  around  the  collapsed  lung  by  the 
wound,  than  it  can  enter  or  leave  the  lung  itself 
by  the  windpipe ;  because  in  the  first  case  it  has 
no  force  to  overcome,  and  in  the  second  the 
elastici^  of  the  lung  opposes.  If  such  wounds, 
therefore,  were  made  into  both  sides  of  the  chest 
at  once,  even  without  hurting  any  part  within,  the 
person  would  still  die  of  suffocation,  because  all 
the  lungs  would  remain  collapsed.  To  relieve 
this  manner  of  suffocation,  it  would  be  necessaiy 
to  press  the  ribs  down  so  as  to  empty  the  chest  of 
air  as  much  as  possible,  and  to  keep  the  wounds 
close  or  covered  while  the  ribs  rose  again ;  the 
air,  of  course,  would  then  enter  by  the  natural 
road,  the  only  one  left,  to  fill  the  chest,  and 
would  approach  the  blood  in  the  pulmonary  ves- 
sels as  usual.  In  Benjamin  Bell's  system  of  sur- 
gery, which  was  long  the  manual  of  practitioners, 
from  imperfect  understanding  of  this  subject, 
counsel  was  given  the  very  contrary  of  that  re- 
quired, and,  of  course,  a  patient  treated  according 
to  it  must  have  been  allowed  to  die. 

In  cases  of  dangerous  hemorrhage  from  the 
lung,  after  a  wound  in  the  side,  the  proper  prac- 
tice is  to  allow  the  lung  to  collapse,  as  now  ex- 
plained, that  the  hemorrhage  may  be  checked ; 
and  when  the  danger  is  past,  the  external  wound 
is  to  be  closed,  that  the  natural  action  of  the 
lung  may  again  establish  itself.  —  A  man  can 
breathe  very  well  for  a  time  with  the  lung  of 
only  one  side  of  his  chest 
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In  cases  of  hemoptysis,  or  spontaneous  bleeding 
from  the  lungs,  a  disease  so  often  fatal,  hfe  might 
be  saved  or  prolonged  by  making  an  opening  be- 
tween two  of  the  ribs,  and  allowing  the  lung 
to  collapse.  Tiie  affected  lung  is  often  clearly 
pointed  out  by  circumstances  of  the  case  ;  and  the 
opening,  when  properly  made,  would  be  little 
dangerous,  as  is  proved  by  the  safety  with  whicli 
water  or  pus  is  discharged  from  the  chest. 

The  same  operation  has  been  tried  as  a  forlorn 
hope  in  pulmonary  consumption.  This  disease  is 
often  found  in  the  lung  of  one  side,  while  that  on 
the  opposite  side  is  healthy ;  and  as  the  alternate 
stretching  and  collapse  of  the  diseased  lung  during 
respiration,  and  the  contact  of  the  air,  powerfully 
prevent  an  ulcer  from  healing,  or  inflammation 
from  subsiding,  a  new  chance  of  recovery  is  given 
by  allowing  the  diseased  lung  to  collapse  and 
remain  at  rest. — Some  cases  are  recorded,  wiiere 
cure  is  said  to  have  followed  tliis  operation,  and 
certainly,  where  the  circumstances  are  favourable 
for  it,  and  where  death  must  ensue  unless  this 
can  save,  it  is  worth  trying. 

When  ribs  are  fractured,  it  is  the  practice  to 
put  a  bandage  round  the  cliest,  so  as  for  the  time 
to  prevent  tlie  respiratory  motion  of  the  ribs,  and 
the  breathing  is  then  performed  by  the  rising  and 
falling  of  the  diaphragm  or  floor  of  the  chest,  as 
already  explained — it  bulges  into  the  chest  to 
lessen  the  cavity,  and  is  again  drawn  down  or 
flattened  to  increase  it.  A  person  with  broken 
ribs  is  obliged  to  submit  to  this  unnatural  con- 
finement ;  but  it  is  the  height  of  folly  to  inflict 
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the  same  on  healthy  beings,  as  is  yet  constantly 
done,  even  to  the  destruction  of  health,  by  the 
fashion  of  bracing  the  body  in  tight  stays. 

Hie  force  of  a  healthy  chest's  action  in  blowing 
i&  equal,  as  stated  in  last  section,  to  about  one 
pound  on  the  inch  of  its  surface ;  that  is  to  say, 
the  chest  can  condense  its  contained  air  with  timt 
force,  and  can  therefore  blow  through  a  tube  of 
which  the  mouth  is  two  feet  under  the  surface  of 
water.  In  sucking  or  draMring  in  air,  the  power 
is  nearly  the  same.-^In  both  these  actions  it  is 
possible  to  use  the  cavity  of  the  mouth  separately 
from  that  of  the  chest ;  and  the  mouth  being 
smaller,  with  stronger  muscles  about  it  in  pro^ 
portion  to  its  size,  can  act  more  strongly.  Some 
men  can  suck  with  the  mouth  so  as  to  make  nearly 
a  perfect  vacuum,  or  to  lift  water  nearty  thirty 
feet.  In  using  the  blow-pipe,  an  expert  operatoi^ 
ean  keep  up  an  uninterrupted  blast  by  shutting  the 
mouth  behind  while  he  inhales,  and  replenishing 
it  as  is  required  in  the  intervals. 

In  coughing^  by  a  curious  sympathy  of  piarts,. 
the  windpipe  is  first  closed  for  "an  instant,  while 
the  chest  is  compressing  and  condensing  its  con- 
tained air,  and  on  then  opening,  a  slight  ex- 
plosion, as  it  were,  of  the  compressed  air  takes 
place,  and  blows  but  any  irritating  matter  that 
may  be  in  the  air  passages ;  just  as  the  burst  firom 
the  chamber  of  an  air-gun  discharges  ite  bullefc-— 
This  shutting  of  the  glottis  to  allow  the  compres- 
sion of  tlic  air,  and  the  .subsequent  opening  to 
aUow  the  disdiarge,  may  occur  at  reiy  minute 
intervals,   and  many  times  froiii  otie  fill  of  the 
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cliest,  as  ia  instanced  in  hooping-cough. — The,' 
action  of  cough  is  often  produced,  wlien  the  irri^  J 
tation  is  from  a  cause  tiiat  cannot  be  removed  bj^  1 
cough,  as  inflammation  of  the  chest,  or  tuber-*  [ 
cles  :  or  even  when  tlie  irritation  is  in  a  distanfi:  I 
part,  and  the  action,  therefore,  is  sympathetic,  alt  J 
when  children  are  teething,  or  when  the  stomacbi  I 
is  overloaded. 

Sneezing  is  a  phenomenon  resembUng  cough?  I 
only  the  chest  empties  itself  at  one  throe,  wiUt.j 
great  violence,  and  cliiefly  througli  the  nos^.[ 
instead  of  tlu'ough  the  mouth,  as  in  coughii^f,  J 
The  irritation  that  produces  sneezing  is  generallyr  1 
in  the  nose  ;  but,  like  cough,  sneezing  may  occuff  ] 
from  distant  sympathies:  witness  tliat  fromwomm  J 
in  the  bowels. 

Laughing  consists  of  quickly  repeated  expuli  ] 
sions  of  air  from  the  chest,  with  the  voice  hearct  J 
between  them,  but  there  is  never  complete  closurtf  j 
of  the  entrance  to  the  windpipe  as  in  coughing.  .*  J 

Cryhig  differs  from  laugiiing  almost  only  in  tha  ( 
circumstance  of  the  inter\"al3  between  the  gusts  oS  I 
air  being  longer.  Cliildren  laugh  and  cry  in  tha  t 
same  breath,  and  it  is  oft^n  difhcult  to  mark  th&  \ 
moment  of  change. 

Hiccup  is  the  sudden  stopping  of  a  strong  ioi  J 
piration  at  its  commencement. 

In  siraimjig  to  lift  weights,  or  to  make  ao^  J 
powerful  effort,  the  air  is  shut  up  in  the  lung^,  J 
that  there  may  be  steadiness  and  firmness  of  the  ( 
person;  and  by  the  compression  and  condensattoiA,  j 
o{  air  aroimd  the  heart  and  large  blood-vesseU,  the  i 
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blood  U  determined  violently  outwards  from  tlie 

1  chest,  and  often  rises  to  tlie  head,  with  force  that 

produces  giddiness,  or  even  apoplexy.     The  eye 

will  l>ecotne  suddenly  blood-shot  at  such  a  moment, 

from  a  small  vessel  giving  way;  or  leech-bites  will 

[  break  out  afresh.  —  The  force  of  this  pressure 

[••utwards   ia  measured,   as  drcady  stated,  by  a 

[  column  of  about  two  feet  of  blood ;  and  this  is 

I  therefore  the  measure  of  the  additional  arterial 

[  and  venous  tension  in  the  body  generally. 

Suffocation  is  the  name  given  to  what  happens 
t  when  the  supply  of  air  to  the  lungs  is  in  any  way 
'  prevented.  The  blood,  not  then  refreshed  by 
I  the  approach  of  the  air,  rises  to  the  brain  unfit 
I  for  its  purpose,  and  confusion  of  thought  is  im- 
mediately produced,  soon  followed  by  convulsion 
and  death, 

■  When  this  happens  from  a  mechanical  obstruc- 
tion at  the  narrow  enti-ance  of  the  windpipe,  as 
in  croup  by  the  tenacious  films  thrown  off  from 
the  inflamed  lining  of  the  air-passages,  life  may  be 
saved  by  making  a  new  entrance  for  air  through 
the  windpipe  lower  down  in  the  neck,  and  keep- 
ing this  free  by  a  little  tube  inserted,  until  the 
obstruction  above  be  removed. — Where  children 
die  with  croup,  it  is  often  not  from  the  violence 
of  the  constitutional  disease,  but  from  matters 
thus  accidentally  sticking  in  the  narrow  entrance 
of  the  air  passage. 

In  the  cases  of  strangUng  and  hanging,  the 
tight  binding  of  the  rope  or  Ugature  bends  in- 
wards   the  cartUaginous    rings    of  the  windpipe, 
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and  'shuts  the  air-passage.  It  may  also  cause 
apoplexy,  by  arresting  the  passage  of  blood  to 
and  from  the  head ;  and  there  may  be  dislocation 
of  the  cervical  vertebrae  of  the  spine. 

In  drffwmng,  communication  with  the  atmosphere 
is  cut  off  altogether  by  the  supernatant  water,  and 
if  the  chest  were  then  to  expand,  it  could  re- 
ceive water  only  instead  of  air.  The  nerves  and 
muscles,  however,  at  the  entrance  of  the  wind* ' 
pipe,  being  exceedingly  irritable,  are  excited  by 
the  contact  of  any  foreign  matter,  and  shut  the 
passage  for  a  considerable  time  against  the  intrud- 
ing liquid.  It  is  on  account  of  this  action  at  the- 
rima glottidis,  that  preservation  of  the  life  is  often' 
accomplished,  after  immersion  in  water  and  ap* 
parent  death,  when  the  body  is  recovered  withiii ' 
a  moderate  time. 

The  apparatus  of  the  Humane  Society  tor  the 
recovery  of  persona  apparently  drowned,  includes' 
a  bellows  for  producing  artificial  respiration.   Thia*  J 
resembles  a  common  bellows,  except  that,  instca4M 
of  the  usual  internal  flap  or  valve,  it  has  an  exter**  I 
na!  flap,  made  like  a  large  fiute-key,  with  a  spring  - 
to  close  it,    and  obedient   to  the  finger  of  the 
operator.       The  bellows    receives    its    charge    of  ' 
fresh  air  by  being   expanded  in  the  usual  wayj*! 
while  the  valve  is  o])en  ;  it  sends  the  charge  intq'il 
the  lungs  on  being  compressed  while  the  valve  i»^i 
shut;    it  withdraws  the  charge  again    on  bein^li 
expanded  with  the  valve  shut ;  and    the  impure 
air  is  thrown  out  to  tlie  atmosphere  on  its  beinjj*-' 
compressed  with  the  valve  open.     These  changes 
and    continued,    produce    the  artificial 
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TCBpiration  required.  In  addition  to  this  meantr, 
for  the  recovery  of  suspended  animation,  it  is 
necessary  to  restore  natural  warmth  to  the  body, 
to  mil  tlie  iimhs  in  aid  of  the  circniation,  to 
administer  stimulants  by  the  mouth,  &c. 

It  seems  to  be  an  error,  and  probably  often  a 
fatal  error,  in  the  present  mode  of  treating  per- 
ions  apparently  drowned,  to  use  cold  instead  of 
warm  air  for  the  artificial  respiration.  While 
the  important  object  of  restoring  the  temperature 
of  lite  is  sought  by  all  external  means,  it  is  a 
great  inconsistency  to  be  blowing  cold  air  upon 
•the  internal  surface  of  the  lungs,  which  is  more 
extensive  than  that  of  the  whole  body  externally; 
for  until  that  reciprocal  action  of  the  air  and 
blood  begins,  which  constitutes  the  slow  combus- 
tion of  natural  respiration,  every  bellows-ftill  of 
cold  air  admitted,  brings  back  with  it  a  portion 
of  the  remaining  central  warmth,  and  may  thus 
exhaust,  so  as  to  make  the  recovery  impossible — 
just  as  afire  which  has  fallen  very  low  maybe 
immediately  extinguished  by  a  bellows,  which 
a  little  before  would  have  made  it  blaze.  Air 
might  easily  be  heated  for  this  purpose  bv  pouring 
"boiling  water  into  a  vessel  containing  air,  and  then 
connecting  the  bellows  with  that  vessel  by  a  fit 
pipe  : — a  quart  of  boiling  water  has  heat  enough 
in  it  to  warm  many  gallons  of  air  to  blood  heat. 
This  plan  would  not  only  avoid  the  mischiefs 
arising  from  the  cold  air,  but  by  giving  warmth  a 
little  higher  than  that  of  life,  might  probably 
furnish  the  most  useful  of  all  stimulants  to  the 
parts  about  the  heart.   A  healthy  man  can  breathe 
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Wilit impunity,  air  that  is  considerably  hotter  than 
boiling  water. 

Late  physiological  investigations  have  shewn 
that  the  mechanical  action  of  the  chest  in  res- 
piration is  dependant  upon  the  influence  of  the 
brain,  so  that  it  is  disturbed  or  stopped  when  the 
brain  ia  embarrassed  :  they  have  shewn  also  that 
the  action  of  the  heart  is  dependant  on  the  breath- 
ing, but  not  on  the  brain,  except  as  the  cause  of 
the  breathing ;  for  that  respiration  kept  up  arti- 
iiCially,  will  preserve  tlie  circulation  and  the  life 
for  a  considerable  time  after  the  brain  has  alto- 
gether ceased  to  act,  or  has  even  been  removed 
from  the  body.  Now,  as  proved  by  some  most 
interesting  experiments  of  Mr.  Brodie,  certain 
poisons  are  fatal  merely  because  they  suspend  for 
a  time  the  action  of  the  brain  ;  through  which  sua-  ■ 
pension  the  actions  of  the  chest  and  heart  after- 
wards  cease,  and  death  ensues.  But  if  in  such  cases 
the  action  of  the  chest  be  maintauied  artiticially, 
the  circulation  and  life  of  the  body  are  for  a  time 
continued,  and  the  brain  may  gradually  recover 
from  the  effect  of  the  poison,  and  resume  its  office. 
Thus  certain  cases  of  poisoning,  which  formerly 
would  have  been  fatal,  mav  now  end  in  recovery. 

But  the  most  important  application  of  this 
admirable  discovery  is  to  the  treatment  of  cases 
of  convulsion,  particularly  those  occurring  from 
teething  or  other  irritations  in  infancy.  The 
respiration  ceases  in  them  merely  because  the 
action  of  the  brain  is  suspended  ;  but  if  the 
respiration  be  continued  artificially,  the  circulation 
and  life  will  also  continue  for  a  time,  during  which 
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the  brain  may  recover  itself,  either  spontaneously, 
or  in  consequence  of  remedies  employed,  and  life 
may  be  saved.  The  same  practice  might  be 
effectual  in  cases  of  spasm  of  the  heart  in  grown 
persons. 

TTie  chest  of  an  infant  is  comparatively  so  small, 
that  it  may  be  filled  from  the  mouth  and  windpipe 
of  a  grown  person,  with  air  which  has  not  descend- 
'ed  to  the  lunj^s,  or  been  rendered  unfit  for  respira- 
tion ;  and  on  the  chest  being  aflerwards  compressed 
■ty  the  hand,  the  air  will  return.  The  aii'  may  be 
"blown  directly  into  the  child's  mouth  llirough  a  thin 
liandkerchief  laid  upon  it,  or  may  pass  through  a 
^be  inserted  into  the  nostril  or  trachea  :  to  pre- 
■vent  air  from  passing  into  the  stomach,  the  larynx 
must  be  pressed  against  the  oesophagus  during  its 
'■  'entrance. 

A  medicated  air  is  generally  inhaled  from  an 
'oiled-silk  bag,  or  from  a  light  gasometer.  (See 
page  398.)  The  advantages  anticipated  to  me- 
'dicine  from  pneumatic  or  aerial  mixtures,  when 
the  compound  nature  of  our  atmosphere  was  first 
■discovered,  have  not  yet  been  realized  ;  but  the 
Subject  is  still  highly  deserving  of  farther  research. 

THE  VOICE  AND  SPEECH. 

I  iThe  cheat  and  air-passages,  with  their  parts,  con- 
stitute the  organs  of  voice  and  speech. 
An  inquirer  into  the  constitution  of  the  universe 
I  ^ound  him,  meets  with  few  things  calculated  more 
I  1»  surprise  him,  than  that  faculty  in  the  human 
I  %ind  by  which  it  can  associate  the  ideas  of  objects 
[  Hnth  any  arbitrary  signs,  so  closely,  that  the  ideas 
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are  afterwards  excited  by  the  signs  almost  as 
vividly  as  by  the  objects  themselves.  The  in- 
habitants of  China,  for  instance,  have  contrived 
many  thousand  grotesque  characters,  and  deter- 
mined what  object  each  one  shall  recall;  and  a 
person  who  by  study  becomes  familiar  with  them, 
may  have  his  bodily  eye  poring  over  pages  of 
crooked  and  unseemly  scratches,  while  his  mental 
eye  sees  only  a  pleasing  succession  of  the  roost 
beautiful  imagery  of  nature  : — and  these  charac- 
ters are  intelligible  to  the  deaf  and  dumb  man 
as  well  as  to  him  who  speaks,  and  they  serve  as 
media  of  thought  and  communication  through 
many  provinces  and  countries  of  which  the  spoken 
languages  have  no  common  resemblance. 

And  if  the  ready  remembrance  of  visible  marks  J 
be  wonderful,  which  have  permanent  existence  1 
and  often  a  certain  resemblance  to  the  things  sig» 
nified,  how  much  more  wonderful  is  it  that  an 
audible  sign, — that  is,  a  passing  sound  or  fugitive 
breath — should  serve  as  well ;  and  that  by  a  suo 
cession  of  mere  sounds,  different  in  every  countiy, 
and  changing  from  age  to  age,  any  train  of  thought 
may  be  made  to  pass  through   the  minds  of  an 
audience,    and  to  leave  impressions  as  if  from  1 
realities.     Such,  however,  is  the  fact,  and  it  it  ' 
greatly  owing   to  this,    and    to  a  correspondent 
faculty  in   man  of  producing  easily  a  sufficient 
number  of  distinguishable  sounds,  that  he  owes 
his  elevation  above  the  brutes  of  the  field.     His 
godlike  powers  of  intellect  would  have  remained 
dormant  and  unknown,  had  he  wanted  the  power 
of  comparing  his  invisible  thoughts  with  those  at' 
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.    his  fellow  ineo,  and  of  airaiiging  and  recording 

■  them  by  ineaue  of  signs.  Writteu  language  is  a 
I  double  remove  from  the  objects  themselves,  being 
I  visible  .siffns  not  of  thingtt,  but  of  the  audible  sigjts. 
I  The  itdminibU'  apparatus  by  w  hicb  man  is 
I  enabled  to  produce  a  suflicieiit  variety  of  sounds 
I  ^  answer  his  purposes,  passes  generally  under  the 
I'  titie  of  t/ie  organs  of  speech  ;  because  the  combi- 
I  nation  of  sounds  which  have  meanings  assigned  to 
I  them  is  called  speech.  This  apparatus  consists 
I  chiefly  of  the  larynx  or  cartilaginous  box  at  the 

■  top  of  the  windpipe  for  producing  the  voice,  and 
I  irf  the  short  tube  of  the  mouth  for  niodiiying  it. 
I       In  the  chapter  on  acoustics,  we  explained  that 
I  tound  is  a  name  given  to  the  effect  produced  upon 
P  Ae  ear  by  certain  tremblings  conveyed  to  it  gene- 
rally through  the  medium  of  tlie  air ;    and  we 
explained  how  air,  rushing  from  the  human  lungs 
through  the  opening  at  the  top  of  the  windpipe, 
causes  the  elastic  lips  of  that  opening  to  vibrate, 
and  to  excite  the  tremblings.     We  have  now  to 
show  that  this  sound,  in  passing  forward  from  the 
top  of  the  windpipe,  may  be  modified  at  the  will 
of  the  individual,  in  a  great  and  yet  very  simple 
variety  of  ways. 

The  modifications  of  voice  easily  made,  and 
easily  distinguishable  by  the  ear,  and  therefore  fit 
elements  of  language,  are  about  fifty  in  number  ; 
but  no  single  language  contains  more  tiian  about 
half  of  them.  They  are  divisible  into  two  very 
distinct  and  nearly  equal  classes. 

Those  of  the  first  class  are  the  simple  voice, 
influenced  only  by  the  degrees  in  which  the  mouth 
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or  vocal  tube  is  opened  and  elongated.  They  may 
be  continued  as  long  as  there  is  breath  to  issue 
from  the  chest,  and  therefore  are  named  vowels  or 
calling  sounds.  'J'he  reman  letters,  A,  E,  I,  O,  U^. 
as  pronounced  on  the  Continent,  indicate  the  most  f 
easily  distinguishable  vowels.  Sound  passing- 
through  the  mouth  in  its  most  natural  state  of 
relaxation,  is  heard  as  the  modification  expressed 
there  by  the  roman  E :  if  the  mouth  be  then 
■widened,  it  becomes  A  j  if  narrowed,  we  hear  I ; 
if  the  mouth  be  at  the  same  time  elongated  and 
widened,  we  hear  0-,  and  if  elongated  and  nar- 
rowed, we  hear  U.  The  possible  immber  of 
vowels,  however,  is  as  great  as  the  possible  de- 
grees in  which  the  dimensions  of  tlie  mouth  may 
be  altered  ;  but  altliough  there  are  about  twenty 
sufficiently  distinguishable,  few  languages  com- 
prehend more  than  twelve.  Modern  art  can  pro- 
duce the  vowel  sounds  mechanically  by  means 
of  tubes  of  certain  dimensions.  ' 

The  alphabets  of  Europe  are  very  faulty,  in  not 
agreeing  as  to  the  characters  for  particular  soundt> 
Id  English  one  letter  is  used  for  several  soundfl^ 
as  A  in  water,  far,  Jai,  fate,  which  are  four  per- 
fectly distinct.  In  repeating  the  English  alphabet, 
the  A  is  pronounced  as  the  broad  E  of  the  Italians 
and  of  Europe,  and  the  E  as  the  I.  The  English 
vowel  I,  is  the  diphthong  AI  of  more  correct 
alphabets ;  and  the  English  U,  is  the  dhipthong 
lU.  In  consequence  of  the  changes  which 
have  taken  place  in  England  in  the  meaning  of 
the  roman  letters,  the  natives  have  greater  diffi- 
culty in  learning  modern  continental  languages ; 
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.Uid  titeir  pronunciation  oi'  tiie  ancient  laiigu^es 
})peurs  ridiculous  and  is  almost  unintelligible  to 
but  themselves.  The  same  cause  renderB  the 
|)ronuiiciation  of  English  difficult  to  foreigners, 
and  narrows  much  the  cidtivation  of  English 
-..literature  in  other  countries. 

To  explain  the  second  class  of  the  modifications 

I  tff  sound,  we  may  remaik,  that  while  any  continued 
<H'  vowel  sound  is  passing  through  the  mouth,  il' 
it  be  interrupted,  whether  by  a  complete  closure 
.jwf  the  mouth,  or  an  approximation  of  the  parts, 

[  sXUe  etfect  on  the  eai-  of  a  listener  is  so  exceedingly 
tlifferent,  according  to  the  j)art  of  the  mouth 
-where  the  interruption  occurs,  and  the  manner  in 
■which  it  occurs,  that  many  most  distinct  modifica- 
tions thence  arise.  Thus  any  continued  sound  as  A 
.ftiTcsted  by  a  closure  of  the  mouth  at  its  external 
.confine  or  lips,  ends  with  the  modification  ex- 
pressed by  the  letter  P,  and  the  syllable  AP  is 
heard  ;  but  if  the  sound  be  arrested  at  the  back 
,of  the  mouth  by  the  tongue  rising  against  tlie 
jialate,  we  bear  the  modification  expressed  by 
^e  letter  K : — the  ear  is  equally  sensible  of  the 
^ecubarities  whether  the  closure  precedes  the  con- 
tinued sound  or  follows  it. — The  modifications, 
ithen,  of  which  we  are  now  speaking,  are  not 
A'aily  sounds,  but  only  manners  of  beginning  and 
^ending  sounds ;  and  because  they  can  only  be 
perceived  in  connexion  with  a  vocal  sound,  they 
^'C  called  consonants. 

'-,  There  are  in  the  mouth  considered  as  a  vocal 
tube,  three  situations,  in  which  interruption  of 
voice  or  breath  may  most  conveniently  be  made. 
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and  there  are  six  modes  of  making  it  at  each ; 
so  that  eighteen  distinct  interruptive  modifications 
or  consonants  hence  arise. 

The  tlu'ee  great  oral  positions,  as  they  may  be 
called,  are, 

Ist.  At  tlie  extenial  confine  of  the  mouth,  or 
lips,  giving  the  labial  consonants. 

•^d.  In  the  middle  of  the  mouth  where  the  tip  of 
the  tongue  approaches  the  palate  behind  the  teeth, 
producing  the  palalal  modifications. 

3d.  Near  the  back  of  the  mouth,  where  the 
body  of  the  tongue  approaclies  the  palate,  giving 
the  guttural  modifications. 

Between  the  first  and  second  positions,  two 
dental  sounds  are  produced,  marked  /A,  and 
explained  below. 

The  modes  in  which  the  voice  or  breath  may 
be  affected  in  passing  through  each  of  the  three 
positions  of  the  mouth,  are  the  following  stji. — (In 
pronouncing  experimentally,  it  is  better  to  let  the 
vowel  be  heard  before  the  consonant  than  after  it, 
as  by  saying  AB  instead  of  BA.) 

1st.  A  sudden  stoppage,  producing  what  may  be 
called  a  mute  articulation :  z'iz.  P,  in  the  labial 
position  1  T,  in  the  palatal ;  and  K,  in  the  guttu- 
ral. (See  here  the  general  table  of  articulations  at 
page  560. — The  table  may  be  considered  as  repre- 
senting the  tube  of  the  mouth,  with  the  letters 
placed  in  it,  so  as  to  shew  where  they  are  seve- 
rally produced.)  A  mute  may  also  be  made  by 
stopping  the  breath  exactly  at  the  teeth,  giving 
a  truly  dental  mute ;  but  it  is  hardly  distinguishable 
from   the  palatal  mule  just  behind  it,  and  is  not 
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U8ed.-^Sonie  awkward  speaJcers  substitute  it  for 
the  proper  out:,  anil  are  said  to  speak  thick.  If  the 
iides  of  the  tongue  be  depressed  after  taking  the 
position  required  ibr  T,  the  sound  L  is  produced. 
2d.  A  sudden  shutting,  as  in  the  last  case,  but 
the  voice  being  allowed  to  continue  until  the  part 
behind  the  closures  be  distended  with  air. — This 
produces  the  seini-mutes,  B,  D,  and  G,  (in  its  hard 
sound  as  in  pig),  for  the  three  positions,  There 
might  be  a  <lental  luilf-mute,  but  it  is  no  more  used 
than  the  deiUal  mute,  and  for  the  same  reasons. 

3d.  The  positions  are  closed  as  for  the  mutes, 
while  sound  is  allowed  to  pass  by  the  nose,  making 
tbe  semi-vowels  or  nasals,  M,  N,  NG,  for  the  tliree 
ippsitions. — NG  (as  iii  king^  is  a  simple  sound, 
f  although  our  imperfect  alphabet  has  no  single 
I  letter  fpr  it.  The  nasal  sound  of  the  French 
I  Janguage  which  gives  it  so  great  a  peculiarlity, 
I  m>proximates  to  the  English  NG,  but  dif^rs  from 
l-i^.  in  the  sound  passing  by  the  mouth,  as  well  as 
I  h^  the  nose.  It  is  represented  by  07i  in  the 
I  table. 

,  4th.  When  breath  only  (or  whisper)  is  allowed 

[  (p  pass  at  the  three  oral  positions  nearly  closed, 

f  ^unds  are  produced  which  we  call  aspirates ;  viz. 

1  F,  TH,  and  CH.     The  TH  is  heard  in  the  word 

bath,  and  is  the  B  of  the  Greeks.     The  CH  is 

[  Jieard  in  the  Scotch  word  lock ;  in  the  German, 

iph,  and  is  the  %  of  the  Greeks.    The  soft,  palatal 

^spirate  TH,  is  not  so  easily  made  as  the  denial, 

I  ^hich    is  heard  on  pressing    the  tongue    gently 

against  and  between  the  teeth,  and  allowing  the 

breath  to  pass  all  around.     The  dental  aspirate  is 
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therefore  generally  substituted  for  the  palataL  i 
The  letter  S  is  the  hard  palatal  axpirate,  and  diffeni  •■ 
from  the  sq/i  aspirate  TH,  in  the  breath  being  I 
allowed  to  issue  only  by  a  narrow  space  over  thev 
centre  of  the  tongue,  instead  of  on  all  sides,  as  I 
for  TH  ;  and  for  S,  the  breath  issues  also  witlj4 
more  force.  French  people,  on  first  attempting;fl 
to  pronounce  TH,  always  substitute  for  it  the  9fm 
or  the  Z,  which  is  nearly  related  to  S,  as  explained  ■ 
below.  The  author  has  enabled  several  to  proi^ 
iiounce  the  TH  at  once,  and  perfectly,  by  ex-4 
plaining  its  nature  as  is  done  above.  If  the  sides  I 
of  the  tongue  be  depressed  while  pronouncing^'B 
we  make  the  simple  sound  expressed  by  the  Eng- 
lish double  letter  sh  ;  just  as  by  depressing  the 
sides  of  the  tongue  while  making  T  we  produce 
L. 

5th.  By  using  voice  as  we  do  breath  or  whisper 
tor  the  aspirates,  we  make  the  sounds  called  vocal 
aspirates,  viz.  V,  TH,  Z,  J,  and  GH.  TH  vocal,  is 
heard  in  bathe,  as  contrasted  with  bath  ;  Z  is  the 
S  only  with  sound  instead  of  breath  ;  ,SH  pro- 
nounced with  voice,  becomes  the  J  of  the  French 
in  the  word  je,  or  the  sound  heard  in  the  middle 
of  the£ngUsh  word  vision.  GH  is  a  simple  sound 
used  in  German,  but  not  in  English. 

6th.  By  shaking  the  approaching  parts  in  the 
three  positions,  we  make  vibratory  sounds,  of  which 
the  middle  position  gives  the  common  R,  and  the 
only  one  used  in  Enghsh.  Some  bad  speakers, 
however,  in  England,  make  the  labial  vibratory 
by  shaking  the  P  in  such  words  as  property  ;  and 
many    use    the  guttural^    which     is    the   burr   of 
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p 

T.L 
D 

K 

B 

G 

M     1        N             ng 

OD 

F 

th.  S.  sli. 

ch 

H 

V 

th.  Z.  J 

gh 

0 

r    pr 

R 

ghr 

Northumberland,  and  the  common  affectation  in 
Parisian  speech,  termed  parler  graSj  or  grasseytr. 

Table  qf  articulations. 

Labial.      Palatal.      Guttural. 

Mute. 

Semimute. 

Semivowel  or  nasaL 

Aspirate. 

Vocal  aspirate. 

Vibratoiy. 

Remarks. 

•The  sound  of  H  does  not  belong  to  any  of  the 
three  positions  ;  and,  indeed,  is  merely  a  for<^ble 
passing  of  the  breath  through  the  back  part  of  the 
mouth  or  throat. 

CH,  in  such  words  as  ctumij  is  T  before  SH. 
.  J,  as  heard  in  the  English  name  John^  is  a  com- 
pound sound,  viz.  D  before  the  simple  J  of  the 
table,  which  is  the  S  of  vision. 

LL.  The  liquid  or  double  U  of  the  French,  as 
heard  in  the  word  paille,  is  merely  1  with  the  letter 
y  begun  to  be  pronounced  after  it.  It  is  heard  in 
the  English  words  billiard  and  halyard^  and  would 
be  their  terminating  liquid  were  the  syllable  ard 
not  pronounced. 

GN.  The  soft  gri  of  the  Italians  and  French,  is 
the  English  n  with  y  begun  to  be  pronounced  after 
it  It  is  heard  in  our  word  tanyard ;  and  in  the 
Italian  words  pegno  bagnio ;  and  in  the  French 
word  craignent. 

C,  in  English,  stands  always  either  for  S  or  K, 
as  in  the  words  certain  and  car^  and  has  no  sound 
proper  to  itself. 
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Q  expresses   a   compound   sound,    viz.  of  the 
letter  K,  with  U  following  it. 

The  consonants  are  best  heard  by  soundingJ 
them  with  voice  before  them  ;  that  is,  by  makingiij 
them  rather  terminate  a  syllable  than  begin  itjjl 
pronouncing  thus  eb,  ed,  eg,  rather  than  theiffl 
common  alphabetical  names,  be,  de,  ge. 

The  labial  sounds  may  be  made  either  by  the  ■' 
two  lips,  or  by  one  lip  and  the  opposite  teetlk 
F  may  be  pronounced,  for  instance,  by  the  lips 
only,  or  by  tlie  lips  and  teeth  ;  and  some  persons 
awkwardly  make  it  by  the  under  teeth  and  upper 

lip. 

The  letters  Y  and  I,  in  most  modern  languagec^, 
stand  for  nearly  the  same  sound.  In  English,  i-O^m 
instance,  bullion  and  minion,  miglit  be  writte 
buUifon  and  minyoii,  without  suggesting  a  change  I 
of  pronunciation.  In  the  words  yard,  you,  yeSkA 
&c.,  tile  Y  is  a  short  I,  very  closely  joined  to  tbf  i 
following  syllable, — W  is  also  thus  a  short  U. 

Lisping  is  chiefly  the  habitual  substitution  at\ 
the  aspirate  TH  for  the  S  and  SH. 

Whispering  is  articulation  without  voice ;  that  i 
is  to  say,  articulation  while  breath  only  is  passing  J 

Siutteri7ig,  stammering,  or  ftesitation  of  speech^^M 
are  terms  implying  an  interrupted  articulatioQi, 
accompanied  generally  with  more  or  less  of  strain^  j 
ing  and  distortion  of  feature.  It  is  j-emarkabla8 
with  respect  to  this  defect,  that  scientific  or  re%;| 
gular  medicine  possesses  as  yet  no  cure  for  i'ti^l 
although  the  frequent  success  of  non-professionaJ^T 
and  often  ignorant  individuals,  by  some  mod*  J 
of  treatment,  which  tliey  bind  their  patients  bj^ 
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mth  not  to  divulge,  proves  the  cure  both  to  be 
possible  and  not  difficult.^The  author's  attention 
'waA  drawn  to  this  subject  some  years  ago  by  an 
interesting  case  which  was  submitted  to  him  ;  and 
it  was  in  reflecting  upon  the  subject,  with  a  view 
to  treat  that  case,  that  he  framed  tlie  analysis  of 
articulations  contained  in  the  preceding  pagea^ 
■fttid  drew  up  the  ibw  observations  which  are  now 
to  follow.  A  cure  was  obtained;  but  as  there 
-was  a  favourable  peculiarity  in  the  case,  and 
tts  the  author  has  not  had  leisure  or  opportunity 
eince  tlien  to  pursue  the  subject  farther,  or  to 
ascertain  in  what  respects  the  plan  then  tried  may 
agree  with  tiiat  employed  successfully  by  others, 
he  gives  his  remarks  merely  as  continued  eluci- 
-elation  of  the  subject  of  speech. 

Command  over  the  organs  oi'  speech  is  acquired 
in  the  same  way,  as  over  all  the  other  muscular 
©rgans  of  the  body; — as  those  for  ■walking,  skait- 
ing,  fencing,  performing  on  musical  instruments, 
&c. ; — ^that  is  to  say,  at  first,  a  distinct  act  of 
volition  is  required  for  every  individual  muscular 
movement ;  but  the  law  of  association  or  habit 
soon  rendering  the  actions  easier  with  each  suc- 
cessive repetition,  at  last  forms  thera  into  con- 
nected tribes  or  trains,  which  appear  as  obedient 
to  a  single  wish  as  the  separate  elements  origin- 
ally were.  A  child  exerts  as  distinct  and  power- 
ful a  volition  at  first  to  pronounce  the  syllable  ;po, 
as  after  some  practice  to  double  the  syllable  and 
make  papa ;  or  after  still  more  practice,  to  pro- 
nounce the  longest  and  hardest  word  of  its  lan- 
guage : — nay,  at  last,  where  there  is  strong  and 
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HeaTthy  power  of  association,  complete  sentences; 
and  even  rounded  periods  of  eloquence,  are  poured 
Out  like  single  words,  the  mind  of  the  speaker 
seeming  at  liberty  after  each  sentence  or  period 
is  begun,  to  meditate  and  prepare  that  which  i3 
to  follow.  The  faculties  of  locomotion  and  of 
speech  being  acquired  in  infancy  and  early  child- 
hood,  persons  no  more  recollect  how  they  came, 
than  how  their  limbs  grew;  but  the  gradual  pro- 
gress described  above,  may  be  watched  by  any 
individual  of  mature  years  in  his  own  person, 
while  he  is  learning  to  play  on  a  musical  instru- 
ment. He  will  find,  that  at  first  every  finger 
which  is  moved  to  produce  a  note,  obeys  a  distinct 
thought  and  vohtion ;  that  soon  short  trains  of 
connected  notes  become  obedient  to  the  will  like 
a  single  note ;  that  by  degrees  such  trains  or  pas- 
sages  become  longer  and  longer,  until  at  last,  the 
instrument  is  as  obedient  to  the  practised  player, 
as  voice  is  to  the  singer,  or  speech  to  the  orator, 
and  any  sweet  modulation  may  flow  on  under  the 
guidance  almost  solely  of  sensation  and  associ- 
ation. 

There  is  great  original  diversity  among  indi- 
viduals as  to  their  powers  of  association,  and 
therefore,  also,  as  to  their  aptitude  for  acquiring 
the  various  muscular  faculties.  Thus  some  chil- 
dren walk  well  before  a  year,  others  require  a  much 
longer  time,  and  some  never  succeed  until  they 
have  had  lessons  of  the  dancing  master  and  drill 
seijeant. — So,  again,  many  people  learn  easily  to 
play  on  musical  instuments  by  ear  and  imitation, 
but  others  must  begin  by  the  study  of  written 
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notes,  and  of  the  precise^fingering  by  which  each 
I  Bote   is  {>rocluceil  on  the  instrument;  and   many 
witliout  tlie  notes  constantly  before  them   cannot 
I  play  at  all. — So  again,  all  persons  may  be  said  to 
[  learn  to  speak  at  first  by  ear  and  imitation ;  but 
I  many  grow  up  to  a  certain  age  with  defects,  which 
I  judicious  lessons  from  parents  or  other  tutors  are 
requii'ed  to    remove ;    and  there  are    some,  like 
stutterers,  who  from  naturally  weak  or  irregular 
f  association,  retmn  defects  which  no  ordinary  teach- 
I  ing  can  cure.    Now  it  appears  that  an  analysis  and 
wale  of  articulate  sounds,  with  minute  description 
of  the  organic  actions  required  to  produce  them, 
such    as    for    musical    performance    is    possessed 
in  the  gamtU  and  rules  for  fingering,  should  give 
the  same   assistance    to  the    speaker,  which  the 
gamut  gives  to  the  plaver.    The  table  and  analysis 
contained  in  the  preceding  pages  is  intended  to 
supply  this  information.     It  is  constructed,  from 
minute  consideration  oi'  the  organs  of  speecli  in 
action.     It  agrees  in  many  respects  with  the  com- 
mon grammatical  divisions  of  elementary  sottnds, 
while  in  others  it  pursues  the  analysis  in  a  diflerent 
way,  and  considerably  farther.     A  person  who  un- 
derstands the  table,  while  he  speaks,  will  have  an 
intelligent  perception  of  what  he  is  doing,  as  well 
as  the  parrot-like  faculty  of  habit  or  o£  repeating 
by  rote,  and  thus  will  command  any  desired  sound 
by  two  powers  intead  of  one.     And  as  a  musician 
'  whose  ear  is  not  very  retentive  may  think  of  his 
j»fritten  notes  and  their  relation  to  his  instrument 
1  when    his  musical   memory  fails  him,  so  may  a 
ptiitterer,  when  hesitating  at  any  sound,  think  of 
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the  letter  which  represents  it,  and  of  the  positioiii 
of  the  organs  required  by  that  letter ;  and  thus  byj  ' 
frequent  practice  in  making  the  particular  combi-i 
nations  of  sound  which  are  difficult  to  him,  he;  | 
will  strengthen  the  useful  habit,  and  may  over-i 
come  the  defect — Stuttering,  in  some  cases,  niightr  I 
be  relieved  at  once  by  a  determination  to  opeml 
the  mouth  and  allow  simple  sound  to  pass,  when- 
ever  any    position    of  the    mouth    threatens   toi 
become  spasmodically  permanent. 

The  study  of  the  table  of  articulations  leads  tot 
the  immediate  correction  of  many  minor  defects  'is^^  1 
utterance,  and  is  calculated  to  tacilitate  the  ac- 
quirement of  foreign  languages.    A  lisping  person,! 
for  instance,  is  cured  at  once,  by  being  told  thatx 
the  tongue  must  not  touch  the  teeth  in  pronounc-(  j 
ing  the  letter  S  j  and  a  Frenchman  who  deems  it; 
impossible  for  him  to  pronounce  theEnglisli  soundf 
of  TH,  discovers  that  he  cannot  avoid  doing  so.. I 
if  he  rests  his  tongue  against  his  teeth  opened  a  • 
little,    and  then  forces  breath  or  sound  to  passif  J 
between  the  tongue  and  teeth.  ;• 

Several  of  the  modern  languages  of  Europe*' 
consist  of  nearly  the  same  elementary  or  radicidr* 
words,  and  the  differences  among  them  are  chiefly  i 
in  the  prevalence  of  certain  terminations,  and  inrj 
the  preference  of  one  or  other  of  some  of  the-t 
related  and  convertible  sounds  classified  in  thel^ 
analysis  given  above.  A  student,  therefore, 
who  by  analytical  investigation,  or  coosiderablet  H 
practice,  has  become  impressed  with  the  peculiaxi  & 
genius  of  each  language,  may  almost  invent,  be- 
fore minute  study,  the  majority  of  those  words 
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belonging  to  each,  wiiich  have  sprung  from  a 
common  origin.  This  remark  is  so  true  with 
respect  to  the  langviages  of  Italy,  Spain,  Portugal, 
and  even  France,  Uiat  to  persons  famihar  with 
them,  they  are  at  last  Hstened  to  rather  as  the 
same  language  spoken  by  diflerent  individuals, 
than  an  languages  in  themselves  different. 

P'entriloquism  is  the  name  eonimonly  given  to 
the  art  by  which  an  individual  can  assume  charac- 
ters of  voice  and  speech  which  are  not  natural  to 
him,  and  can  thus,  alone,  imitate  closely  a  con* 
.  versation  held  between  two  or  more  persons. 

The  most  remarkable  diversity  is  obtained  by 
speaking  during  inspiration,  instead,  of  as  usual, 
during  expiration.  The  voice  so  produced  is  more 
feeble  than  ordinary  voice,  and  when  other  means 
are  used  to  help  the  illusion,  it  gives  very  com- 
pletely  the  idea  of  a  boy  calling  irom  the  bottom 
of  a  pit,  or  from  the  interior  of  a  chimney,  &c. 

Other  striking  varieties  of  voice  are  produced 
by  speaking  with  a  more  acute  or  grave  pitch  than 
usual,  and  with  different  degrees  of  contraction 
of  the  mouth ;  but  these  may  be  more  properly 
called  hnilaiions  than  ventriloquism. 

A  person,  by  a  little  practice,  may  acquire  the 
power  of  producing,  without  the  sligheat  apparent 
motion  of  mouth  or  countenance,  all  except  the 
labial  articulations;  and  of  these  the  F,  V,  and 
M  can  be  imitated  by  parts  behind ;  hence  by 
avoiding  words  in  which  P  and  B  occur,  a  person 
may  speak  without  visible  movement  of  the 
organs,  and  if  he  assume  tlie  attitude  of  a  lis- 
tener, he  will  make  the  deception  of  ventriioquism 
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complete.  The  idea  which  some  authors  have 
had,  that  the  articidatioDs  of  the  ventriloquist  am  J 
not  produced  by  the  tongue  and  mouth,  as  in  J 
common  speech,  is  altogether  an  error.  The  ar^  ] 
carried  to  a  certain  degree,  is  not  very  difficulty  ] 
as  any  person  may  ascertain  who  tries  it  afte? 
studying  minutely  the  nature  of  common  speech.j  J 

The  variety  of  effect  in  sound  wliich  the  human  I 
organs  aie  cajiable  of  producing  is  tilily  siupri^  1 
jng.  There  are  adepts  in  the  art  of  imitation^  f 
who  not  only  mimic  tiie  speech  of  all  ages  an4  1 
conditions  of  human  nature,  but  the  songs  of  birdsj  r 
ttie  cries  of  animals,  and  even  the  sounds  produce^  ] 
among  inanimate  tilings.  Many  of  these  per- 
formances become  in  the  highest  degree  ludicrous.  ] 
and  furnish  favourite  amusements  in  our  theatric^)  j 
exhibitions.  A  Mr.  Henderson,  of  London,  about  ] 
the  end  of  the  eighteenth  century,  used  to  kiH  I 
Ms  calf,  as  he  caJled  it,  to  crowded  houses  eveiy  j 
night.  Having  dropped  a  screen  between  hint 
and  the  audience ;  there  soon  issued  from  behii)d  . 
it,  all  the  sounds,  even  to  the  minutest  particular^  1 
which  may  be  heard  while  a  calf  is  faUing  9  ' 
victim  in  the  slaughter-house  ; — the  conversation  | 
of  the  butchers,  the  struggling  and  bellowing,  I 
and  quick  breathing  of  the  frightened  animal,  the 
whetting  of  the  knife,  the  plunge,  the  gush,  th^ 
agony ; — and,  disgusting  as  the  idea  is  in  itself^  j 
the  imitation  was  so  true  to  nature,  that  thousand^  J 
eagerly  went  to  witness  the  art  of  the  mimic. 

The  following  cases  of  inanimate  sound  may  1 
be  closely  imitated  by  the  mouth — the  working  of  1 
a  grindstone,  including  the  rush  of  the  water  int*  { 


5G8  FLL'IDITY  IN  RBLATIOS  TO  SSIMA^S. 

which  it  dips,  the  rough  attrition  of  the  steel  upon 
I  tt,  and  various  changes  with  the  change  of  prea- 
I  lure  J — the  working  of  a  saw  cutting  wood  ; — the 
I  uncorking  of  a  hottle,  and  the  noise  of  decanting 
its  contents ; — the  sound  of  air  rushing  into  a 
I  room  hya.  crevice  or  key-hole  in  a  winter  night, — 
and  many  others. 

'  It  lias  already  been  explained  that  voice  de- 
pends on  the  vibration  of  the  two  edges  or  lips  of 
the  slit-like  opening  of  the  glottis,  by  which  the 
air  passes  to  and  from  the  windpipe. — The  num- 
ber of  vibrations  in  a  given  time,  or  the  pitch  of 
voice,  depends,  of  course,  on  the  length  and  ten- 
sion of  these  edges.  The  length  is  varied  by  the 
positions  ol'  the  arytenoid  cartilages,  and  the  ten- 
sion by  the  action  of  small  muscles  which  act  on 
these ;  and  the  cavity  of  the  mouth  is  enlarged 
or  lessened  to  accord  with  the  number  of  vibra- 
tions, by  the  rising  or  falling  of  the  tongue  and 
larynx  which  form  its  bottom.  The  pecidiaritiea 
of  individual  voices  must  depend  on  the  size  and 
firmness  of  the  cartilaginous  box  of  the  larynx, 
tiie  strengtli  of  the  muscles  of  the  chest  which 
,  force  the  air  through  the  glottis,  and  the  pliancy 
■  of  the  moving  parts. 

The  glottis  is  smaller  in  women  than  in  men, 
and  hence  their  pitch  of  voice  is  higher ;  with 
reference  to  music,  it  is  generally  an  octave  or 
eight  notes  higher  than  that  of  the  man. 

The  voice  of  a  boy,  in  regard  to  pitch,  is  gene- 

.  rally  the  same  as  that  of  a  woman  ;  but  at  the 

age  oi'  puberty,  the  sounding  organs  in  the  male 

'  ^large  suddenly,  and  render  the  voice  stronger 
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Oiari  before,  and  by  about  an  octave  graver.  T" 
voice  of  a  eunuch  is  the  voice  of  a  boy  continuedi  ] 
because  the  change  called  puberty  does  not  tak*  I 
place  in  him. 

Complete  loss  of  voice,  for  longer  or  shorter  | 
periods,  is  often  experienced  in  fluctuating  states  i 
of  health.  The  vibrating,  and  therefore  sounding"! 
edges  of  the  glottis,  are  usually  kept  tense  by  the  i 
operation  of  certain  muscles ;  but  if  these  cease  to  j 
act  owing  to  the  state  of  the  nerves  which  govern  | 
them,  the  slackened  edges  will  not  vibrate  as  re-  { 
quired,  and  the  voice  is  lost.  Slight  colds  suffice  I 
in  many  people  to  produce  this  effect:  in  others "1 
it  comes  as  a  mark  of  morbidly  sensitive  or  ' 
delicate  nervous  system,  and  follows  fatigue,  of  i 
any  other  cause  of  debility.  Articulation  Is  noi'^ 
destroyed  by  loss  of  voice ;  and  whispering  an. 
swers  passably  the  end  of  vocal  speech. 

No  intelligent  mind  can  meditate  on   human  ' 
speech,  and  its  influence  in  the  world,  without  i 
being  roused  to  vivid  admiration.    But  for  speech,  . 
the  most  gifted  individuals   that  have  lived,  haai 
they  existed  at  all,  could  have  been  little  superiof 
in   their   worldly  state    to   the   leading  oxen   o^l 
our  herds,  or  to  leading  monkies  in   the  woods. 
Even  at  the  present  day,  among  the  natives  of"-! 
Australasia,  where  language  may  be  said  scarcely' I 
yet   to  be    known,    human    nature   is  seen    thurfT 
shockingly  debased.     On  the  other  hand,  in  the**B 
history  of  the  world,  we  may    trace,  as  a  con-  \ 
sequence  of  speech,     the    following  progress  in  . 
art  and    civilization.     Fathers  by  language  have  'l 
communicated  their  gathered    observations    ana  H 
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reflections  to  their  children;  these,  again,  have 
transmitted  the  inheritance  with  gradual  nccumu^ 
lation  to  new  descendants;  and  so  on  to  the 
present  day:  and  when  the  precious  store  had 
increased,  until  the  simple  powers  of  memoiy 
could  retain  no  more,  the  art  of  writing  anne, 
making  language  visible  and  permanent,  and 
enlarging  without  limit  the  receptacles  of  wisdom. 
Printing  came  last,  and  now  rolls  the  still  swelling 
flood  of  knowledge  into  every  hamlet  and  every 
hut.  •  Thus  language,  at  the  present  moment  of 
the  world's  existence,  may  be  said  to  bind  the 
whole  human  race  of  uncounted  millions  into  one 
gigantic  rational  being,  whose  memory  reaches 
to  the  beginnings  of  written  record,  and  retains 
imperishably  the  important  events  that  have  pc* 
curred ;  whose  judgment  analyzing  the  treasures 
of  memory,  has  already  discovered  many  of  the 
sublime  and  unchanging  laws  of  nature,  and  has 
built  on  them  the  arts  of  life,  and  through  them 
pierces  far  into  futurity,  seeing  distinctly  events 
that  are  to  come  ;  and  whose  eyes,  and  ears,  and 
observant  mind,  are  at  this  moment,  in  every 
comer  of  the  earth,  watching  and  recording  new 
phenomena,  for  the  purpose  of  still  better  com- 
prehending the  magnificence,  and  simplicity,  and 
beauty  of  creation. 

TH£  DIGESTION. 

The  doctrines  of  fluidity,  illustrating  and  illus- 
trated by  certain  phenomena  of  digestion. 

The  animal  body  may  be  seen  at  first,  if)  the  mih 
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ternal  ovary,  as  a  single  speck  of  mucus;  but  from 
'  possesaintr  life — wonderful  life — the  little  nucleus 
soon  gathers  to  itself- substance  from  around,  and 
increases  in  bulk.  In  tiie  beginning  it  remains 
attached  to  the  body  of  its  parent,  and  draws  the 
material  of  its  increase  from  its  parent's  blood ; 
but  after  a  certain  time  it  is  alone,  and  left  to  its 
own  resources.  We  then  see  brought  into  play 
that  extraordinary  apparatus  which  we  are  now 
about  to  describe  under  the  name  of  the  digestive 
ot  assimilating  organs;  an  apparatus  which,  out  of 
almost  any  kinds  of  dead  animal  or  vegetable 
matter,  can  build  up  the  beautiful  living  body  to 
perfect  maturity  of  size,  and  form,  and  faculty. 

Not  only  do  animals  require  to  take  in  and 
assimilate  new  matter  while  their  bodies  are  grow- 
ing, but  after  maturity  also,  in  order  to  repair  the 
waste  of  constant  action.  Fuel  and  water  to  the 
steam-engine  are  not  more  necessary  than  aliment 
to  the  living  body. 

Some  of  the  less  perfect  animals  take  in  suste- 
nance like  vegetables,  by  absorbent  tubes  that 
open  on  their  surface;  but  by  far  the  greater  num- 
ber receive  it  first  into  an  interior  cavity,  where  it 
undergoes  certain  preparation,  and  is  tlien  sub- 
mitted  to  internal  absorbents  which  drink  up  what 
is  required,  and  mix  it  with  the  circulating  blood. 
This  internal  cavity  is  called  a  slomach.  As  to 
form  and  ap[)endages,  it  differs  exceedingly  in 
different  animals,  according  to  the  nature  of  the 
substances  which  serve  the  purpose  of  sustenance, 
and  to  various  other  circumstances. 

In  man  tiie  food  is  received  by  the  mouth.     It 
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is  there  first  broken  or  torn  into  small  portions  by 
itiiejaws,  armed  with  cutting  and  grinding  points, 
iealled  ieelk  ;  at  tlie  same  time  a  fiuid  called  saliva 

'  pours  out  from  glands  around,  aiid  reduces  the 
food  into  a  pulpy  mass ;  it  i:^  then  pushed  back 
fcy  the  tongue  into  the  opening  of  the  long  tube 

'  called  the  gullet  or  (esopluigus,  which  by  successive 
contraction  of  circular  tibres,  propels  it  down  to  the 
poucli  of  tlie  stomach,  placed  under  the  edges  of 
the  lei^  ribs, — From  the  internal  surtace  of  the 
stomach  a  liquor  oozes  or  distils,  called  the  g*!!!- 
iric  juice,  the  most  general  solvent  in  nature, 
«nd  which  attacking  the  received  food,  soon  re- 
duces  it,  of  wliatever  kind,  to  the  state  of  a 
pultaceous  mass,  named  chyme ;  in  this  state  it 
enters  tlie  intestinal  canal  continued  from  the 
stomach,  and  as  it  there  gradually  passes  on,  it 
receives  a  mixture  of  bile  and  pancreatic  juice 
poured  out  from  the  liver  and  pancreas.  After 
this  mixture,  a  chemical  decomposition  and  sepa^ 
ration  of  parts  takes  place,  and  the  pure  nutri- 
ment ot"  tiie  body  appears  as  a  mdky  fluid  floating 
among  refuse.  This  milky  fluid,  called  chyle,  is 
taken  up  all  along  the  canal  by  the  numberless 
absorbent  mouths  of  the  vessels  called  lacteals, 
and  is  then  carried  to  the  thoracic  duct,  and  so 
into  the  blood,  to  supply  waste.  The  intestinal 
canal  is  about  six  times  as  long  as  the  body, 
aflbrding  therefore  a  very  extensive  surface,  from 
which  absorption  may  take  place.     The  remnant 

I  flf  the  chyme  which  the  absorbents  refuse,  continues 
its  journey  onwards,  and  is  discharged. 
I  Much  of  the  process  which  we  have  now  de- 
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scribed  is  mechanical,  as  will  appear  immediately  j 
other  parts  oi'  it  are  chemical,  such  as  the  solution 
of  the  food  by  the  gastric  juice,  the  separation 
of  the  milky  chyle,  &c. ;  and  parts  are  vital, 
such  as  the  afflux,  just  when  wanted,  of  saliva, 
gastric  juice,  bile,  &c.,  and  the  muscular  and 
absorbent  actions.  He  who  neglects  any  of  these 
three  classes  of  particulars,  can  have  but  a  very 
incomplete  acquaintance  with  the  function. — We 
proceed  now  to  explain  the  mechanical  or  physical 
circumstances  connected  with  digestion. 

The  abdomen  may  be  considered  as  a  vessel  full 
of  liquid,  in  which  tlierefore  there  is  pressure 
in  all  directions,  and  increasing  with  the  deptli, 
(see  hydrostatics),  and  increased  also  by  the 
action  of  the  surrounding  muscles  which  form 
the  sides  of  the  cavity. 

The  justness  of  this  view  of  the  abdomen  be- 
comes evident,  when  we  consider  that  moistened 
or  semifluid  food  descends  into  the  stomach,  that 
drink  follows,  that  gastric  and  other  juices  are  then 
poured  out  to  mix  with  the  foed  as  it  passes  on 
to  occupy  the  whole  length  of  the  intestinal  canal ; 
and  that  the  intestines  externally  are  perfectly 
smooth,  and  moistened  by  the  constant  secretion 
of  a  lubricating  serum,  so  that  they  shde  among 
each  other,  without  sensible  impediment  from 
friction.  The  abdomen,  therefore,  may  be  com- 
pared to  a  roundish  smooth  vessel  filled  with 
a  thich  fluid  which  is  farther  contained  in  a  per- 
fectly pliant  and  smooth-coated  tube. 

Thus  the  contents  of  the  stomach  and  bowels. 
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in  a  living  man,  are  supported  like  water  in  sur. 
rounding  water,  and  therefore,  if  the  whole  be 
of  equal  specific  gravity,  they  cannot  descend  or 
advance  by  their  weigiit.  Neither  can  any  general 
pressure,  or  contraction  of  tlie  surrounding  parie- 
lies,  liasten,  excc])t  during  expulsion,  the  motion 
of  contained  matter,  as  has,  however,  often  been 
Supposed ;  nor  can  it  help  to  empty  one  part  into 
Another,  the  stomach,  for  instance,  or  the  gait 
bladder  into  tlie  small  instcstinc 

But,  far  the  same  reason,  the  very  slightest 
contractile  action  of  any  containing  part  will  be 
sufficient  to  propel  its  contents ;  gravity  as  a  re- 
Bistance  being  neutralized  by  the  surrounding 
fluid. — And  when  the  stomach  or  gall  bladder, 
or  any  part  of  the  intestinal  tnbe,  becomes  so 
full,  as  to  put  the  elasticity  of  the  coats  ever 
BO  little  upon  the  stretch,  that  circumstance 
alone  will  cause  a  discharge  of  the  contents, 
Unless  some  muscular  action  oppose. — The  natu- 
ral action  of  the  intestinal  canal  is  a  successive 
contraction  of  its  circular  fibres  from  above 
downwards,  propelling  the  contents,  just  as  if  a 
amall  ring  or  tube  were  put  round  it  and  pushed 
forwards. 

These  considerations  make  evident  the  common 
terror  of  supposing,  that  vomiting  can  by  the  sud- 
den compression  of  the  abdominal  viscera,  »w- 
vka7iical!^/  emulge  or  clear  the  obstructed  biliary 
flucts. — If  general  pressure  of  the  abdomen  could 
produce  this  and  similar  eflfects,  a  descent  in  the 
diving-bell  should  be  a  powerful  remedy ;  for 
nearly  fifteen  pounds  on  the  inch  is  added  to  the 
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eiffin&ry  abdominal  pressure,  at  a  deptli  of  thirty 
feet  in  water. 

We  hence  see  also  the  kind  of  error  into  which 
our  predecessors  fell  so  generally,  when  they  attri- 
buted  much  of  the  digestive  power  of  the  stomach 
to  its  simple  pressure  upon  the  food.  The  idea 
probably  arose  from  the  contemplation  of  the 
stomach  or  gizzard  of  a  fowl,  which  is  a  powerful 
gristly  subsUnce,  answering  the  purpose  of  a 
mouth  and  teetli,  as  well  as  of  a  stomach. 

It  is  an  error  also  to  suppose  tliat  fluid  quick- 
silver, which  is  sometimes  given  to  remove  ob- 
struction, runs  through  the  bowels  simply  by  its 
weight.  On  first  entering  the  loose  small  intestine, 
it  must  drag  the  part  to  the  bottom  of  the  abdo- 
men, and  the  whole  intestine  must  pass  there 
nearly  as  a  rope  passes  through  a  ring  fixed  to  tlie 
floor.  When  the  mercury  arrives  at  the  part  of 
the  intestine  called  the  ctecum,  where  the  course 
becomes  upward  along  the  fixed  arcli  of  the  colon, 
it  probably  can  be  dislodged  only  by  the  patient 
lying  down.  Any  useful  operation  of  quicksilver, 
in  such  cases,  may  be  from  its  acting  as  a  stimulant 
to  the  bowels,  by  dragging  or  displacing  them,  in 
the  manner  above  described. 

When  the  abdominal  muscles,  which  are  the  con- 
taining sides  of  the  cavity,  become  tense,  whether 
from  unusual  fulness  of  the  cavity,  or  from  their 
own  action,  as  in  any  of  the  straining  exertions, 
a  variety  of  important  mechanical  effects  are 
produced.     Thus 

AJull  sionuich  produces — tension  and  projection 
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of  the  belly — projection  of  the  diaphragm  into  the 
chest,  causing  hurried  breathing,  and  impeding 
speech  and  singing — expulsion  of  blood  from  the 
abdominal  vessels,  and  therefore,  congestions 
elsewhere,  as  in  the  arteries  of  the  head,  some- 
times producing  apoplexy. 

Abdomnal  JidnesSj  as  in  dropsy y  tympamtis^  cor- 
pulency^ pregnancy^  &C.,  produces  most  of  the 
effects  now  mentioned,  in  an  aggravated  degree. 
If  dropsy  be  allowed  to  proceed  too  far  without 
tapping,  the  patient  jmll  die  of  suffocation  from 
the  rise  of  the  diaphragm. — The  external  veins  of 
a  dropsical  person  are  generally  turgid,  because 
the  blood  is  pressed  into  them  out  of  the  abdomi** 
nal  cavity.  In  tympanitis,  or  windy  dropsy,  the 
viscera  hang  down  in  the  abdominal  cavity,  and 
the  air  occupies  the  upper  part ;  while  in  common 
dropsy,  they  float  about  and  are  supported. 

Straining  or  strong  action  of  tlie  abdominal 
muscles,  takes  place  with  almost  every  bodily 
exertion ;  for  the  abdominal  muscles  are  the  an- 
tagonists of  the  great  muscles  oh  the  back  and 
about  the  spine,  and  must  come  into  play  with 
them,  to  give  firmness  and  rigidity  to  the  trunk 
of  the  body.  This  may  be  seen  remarkably  in 
the  actions  of  lifting,  running,  wrestling,  &c.  As 
the  abdominal  muscles  cannot  act  in  a  continued 
way  and  strongly,  unless  the  ribs  from  which  they 
arise  be  nearly  fixed :  at  such  times  the  ribs  are 
not  only  supported  by  the  intercostal  muscles,  but 
by  the  air  in  the  chest,  confined  by  the  closure 
of  the  air-passages  in  the  throat :  hence  there  is 
generally   compression  in  the    chest    when   the 
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abdomen  is  compressed,  and  the  blood  is  squeezed 
towards  the  extremities  from  both  cavities  at  once. 
It  is  important  to  remark  also,  that  in  what  are 
called  the  strong  actions  of  the  chest,  as  coughing, 
sneezing,  bloxvingy  he,  the  abdominal  muscles  are 
the  great  agents.  By  pulling  down  the  ribs  to 
which  they  are  attached,  they  narrow  the  chest, 
and  by  compressing  the  abdominal  contents,  and 
and  thus  raising  up  tlie  diaphragm,  they  shorten 
the  chest. 

The  following  are  examples  of  the  effects  of 
straining. — Lifting  a  great  weight,  or  making  any 
strong  exertion,  drives  the  blood  up  to  the  head, 
as  marked  by  the  sudden  redness  of  the  face. — 
Coughing  will  cause  closed  leech-bites  to  bleed 
afresh,  and  sometimes  will  overcome  the  action 
of  the  sphincter  of  the  bladder  or  rectum,  or  will 
produce  vomiting. — Straining  to  empty  the  blad- 
der, rectum,  or  womb,  or  the  effort  of  vomiting, 
will  cause  the  rupture  of  a  blood-vessel  in  the 
white  of  the  eye,  and  consequent  effusion  of 
blood  there. — Apoplexy  often  happens  under  the 
same  circumstances,  from  breaking  of  a  vessel  in 
the  brain. — The  rupture  of  a  varicose  vein,  or 
of  aneurism,  generally  happens  during  exertion. 
— And  then  also  the  protrusion  may  occur  at  any 
weak  part  of  the  abdominal  cavity,  of  some  portion 
of  its  contents,  producing  what  is  called  hernia  ot 
rupture. 

Vomiting  is  produced  chiefly  by  the  action  of 
the  abdominal  muscles,  and  not  by  the  contraction 
of  the  stomach,  as  was  long  supposed. — The  sto- 
mach has  been  cut  out  of  a  living  animal,  and  a 
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sheep's  bladder  has  been  substituted  for  it»  and 
filled*  and  on  then  injecting  an  emetic  drug 
into  the  veins,  vomiting  has  taken  place,  as  if  the 
stomach  had  been  unhurt;  proving  that  general 
abdominal  compression  is  sufficient  to  eject  by 
the  gullet  without  proper  action  of  the  stomach. 
Thus  to  prevent  regurgitation  of  the  food,  the 
upper  orifice  of  the  stomach  requires  to  be 
strongly  closed,  like  the  sphincters  below. 

The  use  of  a  small  pump, — ^in  this  application 
called  the  stomach-pun^^ — has  been  introduced  into 
practice  within  a  few  years,  for  removing  pmsons 
from  the  stomach  where  the  action  of  vomiting 
cannot  be  excited.  It  has  already  saved  many 
lives.  It  resembles  the  common  small  syringe, 
except  that  there  are  two  apertures  near  the  end 
instead  of  one,  which,  by  valves  in  them,  opening 
different  ways,  become  what  are  called  a  sucking 
passage  and  ^,  forcing  passage.  When  it  is  desired 
to  extract  from  the  stomach  by  the  pump,  it  is  work^ 
ed  while  its  sucking  passage  is  in  connection  with 
an  elastic  tube  leading  to  the  stomach,  and  the 
discharged  matter  escapes  by  the  forcing  passage; 
when  desired,  on  the  contrary,  to  inject  by  it,  the 
connection  of  the  openings  and  the  tubes  is 
reversed. 

As  a  pump  may  not  be  always  procurable  when 
the  occasion  for  it  arises,  it  is  important  for  the 
profession  to  be  aware,  that  a  simple  tube  will, 
in  many  cases,  answer  the  purpose  as  well,  if  not 
better.  If  the  tube  be  introduced,  and  the  body 
of  the  patient  be  so  placed  that  the  tube  forms  a 
downward  channel  from  the  stomach,  .all  fiuid 
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matter  will  escape  from  the  stomach  by  it,  as 
water  escapes  from  a  funnel  by  its  pipe ;  and  if 
the  outer  end  of  the  tube  be  kept  immersed  in 
liquid,  there  will  be  during  the  discharge  a  pump- 
ing action  of  considerable  power.  Ou  changing 
the  posture  of  the  body,  water  may  be  poured  in 
through  the  same  tube  to  wash  the  stomach.  Such 
a  tube  might  be  rendered  a  syphon,  if  desired,  tlie 
necessary  preliminary  suction  being  made  by  the 
mouth  through  an  intervening  vessel. 

But  there  is  still  an  easier  mode,  than  either  of 
those  already  described,  of  dislodging  poison  from 
a  torpid  stomach,  and  the  author  has  used  it  suc- 
cessfully, viz.  merely  to  place  the  patient  so  that 
his  mouth  shall  be  considerably  lower  tlian  the 
stomach, — as  when  a  man's  body  is  lying  on  a  sofa, 
and  his  face  is  brought  near  the  floor, — and  then 
to  press  on  the  stomach  with  the  hand.  The  car- 
diac orifice  opens  readily  in  such  a  case,  and  the 
stomach  empties  itself  like  any  other  inverted 
vessel. 

Useful  as  tlie  pump  may  prove  in  evacuating 
the  stomach  upon  occasions,  its  more  ancient 
office  of  injecting  the  enema  is  still  the  most  im- 
portant : — and  recent  experience  seems  to  shew 
that  the  injection  of  fluid  per  anm/it  may  become 
a  remedy  of  more  extensive  utility  than  had  yet 
been  suspected.  From  an  erroneous  opinion, 
that  what  has  been  called  the  valve  of  the  coecum 
acts  as  a  perfect  valve,  allowing  passage  for- 
wards only,  few  practitioners  have  ventm'ed  to 
order  much  liquid  to  be  injected,  for  fear  of  over- 
stretching or  bursting  the  lower  part  of  the  gut ; 


090 


M-Urom*  IW  HM-ATIOK  TO  ANIMALS. 


and  the  possibility  of  relieving  disease  above  the 
I  wpposed  valve  bad  scarcely  been  contemplated. 
F  It  is  now  ascertained,  however,  that  fluid  may  be 
[  ialely  injected,  even  until  it  reach  the  stomach. — 
[  Perhaps  few,  if  any  cases  of  obstniction  of  bowels 
could  resist  the  gentle  force  of  penetrating  water, 
[  and  if  so,  a  mechanical  remedy  of  certain  effect 
I  nay  be  substituted  for  the  drastic  purgatives  and 
[pernicious  bleedings  now  used,  and  often  used 
fin  vain. 

From  what  has  been  said  above  of  the  abdomen 
I  Kid  the  intestinal  canal,  it  appears  that  an  injec- 
tion tends  to  spread  itself  evenly  over  the  whole. 
This  may  be  rendered  obvious  to  sight  by  throw- 
I  ing  a  sheep's  intestine,  recently  extracted,  into  a 
I  bucket  of  water,  and  then  pumping  water  in  at 
I  Mie  end.      A  stream  will  issue  strongly  at  the 
Dtlier  end,  although  several  feet  distant,  almost 
I  immediately,  and  without  any  intermediate  part 
I  Tiaving  become  sensibly  tense.     Of  course,  in  the 
"  living  body,  where  there  may  be  spasm  or  ob- 
struction, the  liquid  must  be  thrown  in  against 
resistance  very  gi^adually. 

That  case  is  called  mtrostisception  of  the  bowel, 
where  an  upper  portion  falls,  or  is  received  into 
a  portion  below,  and  the  receiving  part  then,  mis- 
taking the  received  for  descending  food,  holds  it 
fast.  This  occurrence  forms  a  complete  obstruc- 
tion, and  generally  proves  fatal.  Many  infants, 
with  irritable  bowels,  die  of  it. — Now  a  copious 
enema,  such  as  we  have  described  above,  is  almost 
a  certain  cure.  The  liquid  advances  until  it  comes 
to  the  part  where  the  portion  of  gut  has  been 
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swallowed  by  gut  below ;  and  as  it  cannot  pass 
without  pushing  the  introsuscepted  portion  back 
to  liberty,  it  effects  the  cure. 

The  perpetual  fringe,  or  liille  valved  pump, 
lately  introduced  in  applications  to  the  animal 
body,  and  which  can  inject  or  withdraw  any 
qnaiiti^,  is  very  superior  for  almost  every  pur- 
pose'  to  the  old  syringes  which  had  no  valves, 
and  could  therefore  inject  only  once  their  fill 
without  being'  removed.  With  well-adapted  ad- 
ditional apparatus,  the  same  pump  will  answer 
for  throwing  up  the  enema,  for  clearing  the 
stomach,  transfusing  blood,  injecting  the  bladder, 
exhausting  cupping-glasses,  drawing  the  female 
breast,  &c.  No  surgical  apparatus  will  now 
be  complete  without  one.  The  annexed  out^ 
■■'  '  line  represents  such  a  syringe.  The 
opening  c  is  rendered  a  sucking  orifice, 
by  a  valve  at  it,  which  opens  inwards ; 
and  a  is  the  forcing  oritice,  owing  to-  ' 
a  valve,  which  opens  outwards :  b  is 
the  piston,  add  d  is  the  handle.  The 
Bf^ — \  valves  may  be  variously  made,  or  a 
^^^      single    double-way^ock    may   be    used 

ihstead    of  both.      Convenient   dimen-M 
sions  for  the  syringe,    are   four  inches    for  the  I 
length,    and  three  quarters  of  sHi  inch   for  th^ 
<Hflmet^r. 

In   a  case   of  diseased  rectum,  whert  it  was'^j 
de^story  to  use  an  enema  daily,  or  oftener,  the  ■ 
enema  Jimnel,  represented  below,  was  found  mord'i 
manageable  by  the  patient  than  any  other  instru- 
ment.   If  the  tube  ah  he  about  two  feet  loilg,  the 
•2  J- 
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liquid  column  contained  in  it 
will  overcome  the  ordinary  ab- 
dominal   resistance  ;    but    if  a 
r— j?  very  short  tube  be  used,  tliere 

'■"  must   be,    instead   of  an  open 

funnel,  a  close  vessel,  as  re- 
presented here  by  the  dotted 
line,  having  a  bladder  of  air 
d  connected  with  it,  and  a 
1^  n  bottle-neck  and  cork,  or  cock, 
'    ■  at  c,  for  admitting  the  enema. 

■.»On  pouring  in  the  liquid  at  c,  the  air  in  the  vessel 
s  forced  into  the  bladder,  and  on  then  closing 

■  the  opening  at  c,   and  compressing;  the  bladder, 
'  it  is  evident,  that  any  desired  degree  of  injecting 

■  pressure    may  be  exerted    on  the  enema.     This 
i-  apparatus  is  both  cheaper  and  more  simple  than 

any  syringe,  and  is  equally  effectual ;    and  the 
bladder  never  being  wetted,  lasts  long :    b  is  a. 
,.cock  kept  shut  until  the  moment  of  injection. 

By  viewing  the  abdomen  in  the  true  light  of  a 
,  vessel  or  bag  filled  with  liquid  which  is  seeking 
I  _  to  escape  in  all  directions,  we  have  the  explanation 
,  of  several  circumstances  of  hernia  or  ruptttre,  in 
•  which  accident  some  part  oi"  the  containing  sides 
.  of  the  abdomen  gives  way,  and  allows  a  portion 
I .  of  the  viscera  to  escape,  so  as  to  form  a  uunour 
'  under  the  skin. 

Hernia  is  produced  by  all  causes  which  in  any 

\%  way  strain  or  weaken  the  muscles:  as  by  leaping, 

lifting  great  weights,  coughing  and  sneezing,  lying 

with  the  belly  acosa  a  bench  or  yard,  as  on  ship- 


I 
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board,  over-distension  by  eating  and  drinking, 
corpulency,  dropsy,  pregnancy,  debility  of  muscle 
from  dissipation,  &c.        ^ 

The  reason  that  a  rupture  increases  so  rapidly 
after  it  has  once  begun  is,  that  the  protruding 
part  is  truly  a  fluid  wedge,  of  which,  therefore, 
the  opening  force  is  proportioned  to  the  diameter. 
This  shews  the  singular  importance  of  arresting 
the  accident  in  its  very  commencement.  The 
trusses  used  to  repress  rupture  were  described  at 
page  923. 

In  attempting  to  return  any  part  of  the  abdo- 
minal contents  which  may  have  escaped  as  a 
rupture,  we  should  recollect,  that  a  soft  uniform 
pressure  or  squeezing  exerted  upon  the  tumour 
by  the  hands  of  the  operator,  if  greater  than  the 
internal  pressure  of  the  abdomen,  is  slowly  push- 
ing back  again  any  fluid  matter  that  can  ooze 
inward  from  the  tumour  ;  and  by  thus  gradually 
lessening  its  size,  may  effect  the  desired  object, 
without  the  necessity  of  trying  the  last  resource 
of  cutting  the  parts  to  widen  the  inlet.  When, 
in  such  a  case,  an  operator  sees  clearly  with  the 
mind's  eye,  what  is  passing  under  his  hands, 
his  efforts  may  thence  ot^en  be  successful,  where 
those  of  a  less  intelligent  individual  would  fail. 
No  man  practises  medicine  long,  whatever  his 
nominal  department,  without  having  opportunities 
of  saving  life,  or  of  preventing  a  serious  operation, 
by  judicious  management  of  recent  hernia.  The 
barbarous  old  fashion  of  lifting  the  patient  by  iiis 
heels  and  shaking  him,  that  the  weight  of  the 
bowels  miglit  draw  in  again  the  part  which  had 
2  1-2 
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escaped,  was  fountled  on  ignorance  or  on  inatten- 
|pon  to  the  fact,  that  the  weiglit  of  the  bowels  iii 
Imll  positions  of  the  body,  is  siijipgited  by.  tlie 
■•fnrrounJing  parts,  and  not  .by  tlie  attacli.aients 
[  of  the  bowel. 

,  Tn,\T  function  sketched  in  the  preceding  pa- 
I  jQigraphs  by  which  the  animal  body  assumes  foreign 
I  ■matters  from  around,  and, converts  them  into  its 
oy/n  substance,  alUiough  little  inviting  in  some  of 
it^  details,  is  altogether  one  of  tlie  most  wonderful 
subjects  which  can  engage  the  human  attention. 
It  points  directly  to  the  curious  and  yet  unan- 
swered question — what  is  life?  The  student  of 
i^ture  may  analyze  \vith  all  his  art  those  minute 
portions  of  matter  called  seeds  and  on-a,  which  ihe 
knows  to  be  the  rudinients  of  future  creatures, 
and  the  links  by  which  endless  generations  of 
liying  creatures  hang,  tpexistence^  but  he  cannot 
disentangle  and  display  apart  their  mysterious 
I.IFE !  tliat  something  under  the  influence  of  which 
each  lit,tle  germ  in  due  time  swells  out,  as  if  to 
fill  an  invisible  mould  of  maturity  that  determines 
its  form  and  proportions.  One  such  ■  substance 
thus  becomes  a  beauteous  rosei-bush ;  another  a 
qpble  oak  i  a  tliird  an  eagle,  a  fourth  an  elephant 
— r-yea,  in  the  same  yfay,  out  of  the  rude  materials 
of  broken  seeds  and  roots,  and  leaves  of  plants, 
an_d  bits  of  animal  flesh,  is  huilt  up  the  human 
frame  itself,  whether  of  the  active  man,  combin- 
ing, gracefulness  with  strength,  or  of  tlie  gentler 
woman,  with  beauty  around  !ier  as  light.  How- 
passing  strange  that  such  .should  be  the  origia 
of  th.Q  sppaking  eye  whose  glance  pierces  as. if 
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^4  invisible  soUl  were  shot  with  it — of  the  lips 
which  pour  forth  sweetest  eloquence  —  of  the 
!arynx,  which  by  vibrating,  fills  the  surrounding 
air  Svith  music ;  and,  mbst  wonderful  of  all,  of 
that  mass  shut  up  withirl  the  bony  fortress  of  the 
iscuU,  whose  delicate  and  curious  texture  is  the 
abode  of  the  soul,  with  its  reason  which  contem- 
plates, and  its  sensibility  which  delights  in  these 
and  endless  other  miracles  of  creation. 

PELVIC    APPARATUS.  , 

T/ie  Secretion  of  the  KidneifS,  ii;c. 

Of  the  large  quantity  of  fluid  which  is  taken 
into  the  human  body,  much  escapes  with  the 
breath,  as  is  proved  by  the  visible  condensation 
of  it  in  frosty  aif  and  on  any  cold  polished  sur- 
face ;  part  escapes  by  the  skin  in  perspiration ; 
but  the  greatest  part, "  after  having  answered  the 
purposes  of  the  constitution,  is  separated  fi'orathe 
blood'by  the  two  sefcreting  organs,  called  the  kid- 
neys, and  is  thence  catried  oif,  holding  in  solution, 
various  other  fnattefs  whicli  the  system  does  not 
require.  The  kidneys  are  situated  in  the  loins  on 
each  side  of  the  spine ;  the  constant  drain  of 
liquid  from  them  passes  down  by  two  membranous 
canals  called  ureters  to  the  bladder,  from  which 
the  liquid  is  again  expelled  through  the  urethra  at 
considerable  intervals  according  to  the  rapidity  of 
accumulation. 

The  bladder  is  a  curious  membranous  and  fnwh  'I 
cular  reservoir,  of  which  the  fibres  can  coutractrj 
so  as  to  expel  the  last  drop,  or  can  yield  to  admit"] 
it  quart. 

U  p  3 
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The  passage  of  fluid  downwards  through  the 
ureters  from  the  kidney  to  the  bladder  resembles 
the  passage  of  blood  in  the  veins.  Authors  have 
erroneously  supposed  that  the  weight  of  the  urine 
suffices  to  cause  its  descent,  but  the  bladder  and 
ureters  are  enclosed  in  a  common  cavity  with  the 
intestinal  canal ;  and  while  this  is  full  of  a  s^ni- 
fluid  mass  of  greater  specific  gravity  than  the 
urine,  the  latter  is  not  only  supported  by  the  sur- 
rounding pressure,  as  water  would  be  supported 
by  water,  but  is  pushed  upwards  or  resisted,  as 
oil  would  be  in  water :  in  descending  therefore  it 
obeys  some  other  force  than  gravity. 

The  wreiers^  bladder^  Budmrtkra  are  the  seats  of 
some  of  the  most  distressing  diseases  to  which  the 
human  frame  is  liable.  Two  classes  of  these  bdng 
rehevable  chiefly  by  mechanical  means,  require 
to  be  shcMrtly  considered  here.  These  are  ckstntc- 
tkms  in  the  wrtikra^  and  amcretians,  or  stones^  as 
they  are  called,  m  the  bladder. 

Obstructions  in  the  urethra  are  generally  con- 
sequences of  an  inflammation,  which  has  destroy- 
ed the  dilatabiUty  of  a  part  of  the  canaL  They 
appear  as  ii'  a  thread  ^v  a  bit  of  tape  were  tied 
round  it,  so  as  to  narrow  its  calibre.  C<Mistant 
intitatioD — often  destroying  the  general  health, 
lit$  of  fe^vr,  broken  rest,  and  even  death  £rom 
total  suppression,  have  beai  common  consequences 
of  this  deplorable  disease* 

Until  within  a  recent  period  the  treatment  of 
such  obstructions  was  pursued  veiy  generally  ac- 
corduD^  to  a  blind  routine.  They  were  attempted 
tether  to  be  boted  open  by  wedges,  called  bougies. 
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often  of  doubtful  and  tedious  operation,  or  to  be 
destroyed  by  caustic  passed  down  to  them  in  the 
end  of  a  bougie,  which  caustic  often  hurt  the 
anterior  part  of  the  canal,  or  eat  out  false  pas- 
sages about  the  stricture,  or  opened  blood-vessels 
and  caused  dangerous  hemorrhage. 

Struck  by  the  defective  state  of  tliis  branch 
of  the  healing  art,  the  author  had  bestowed  con- 
siderable attention  upon  it  during  the  years  of 
practice  which  he  spent  abroad,  and  he  then  con- 
trived and  tried  several  new  means  of  relief. 
These  were  afterwards  brought  more  extensively 
into  use  and  improved,  and  others  were  added,  by 
his  brother  Dr.  James  Arnott,  snperintendant  sur- 
geon in  the  service  of  the  Hon.  East-India  Com- 
pany, who  gave  a  minute  account  of  them  in  a 
treatise  on  urethral  diseases,  and  a  supplement 
published  in  the  years  1818  and  1890.  They 
have  become  perhaps  still  better  known  in  France 
than  in  England,  through  the  work  of  Dr.  Du- 
camp  which  described  them,  and  which  having 
been  submitted  to  the  French  Institute,  and  most 
favourably  reported  upon  by  the  appointed  exa- 
miners, soon  became  a  standard  treatise ;  in  France 
also,  the  philosophy  of  mechanics  has  been  more 
studied  than  generally  by  English  surgeons.  It 
is  painful  to  be  obliged  to  add  here,  that  Dr. 
Ducamp  concealed  tlie  fact,  as  regarded  these 
instnunents  and  the  views  of  disease  and  treat- 
ment which  suggested  them,  of  his  being  only 
a  translator.  The  imposition  was  not  discovered 
at  the  time  of  his  death,  which  happened  two 
years  afterwards,  hastened  apparently  by  the 
2  p  t 
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htdgua  of  pnrtice  which  the  report  of  the  Acur 
dftmj  brooghl  opon  hbn.  The  asfthor  hiHt-hfA  19 
JBBuch  flemmg  intncouEse  nidi  enligfateiied  and 
honoonUe  fVenchBieii,  that  he  gnevea  i»  Jiftfe 
this  Act  to  relate.  .      n  :: 

The  ofcgeds  aimed  at  by  the  aag.  p|cp|f.:yet!& 
to  ascertain  the  exact  eoaditiiMi  ^  fhe;di9eii^ 
canal — to  l^dlitale  the  passing  cf  insttjanmrty  19 
cases  of  difficulty — and  to  effect  a  pennanent 
cure*    The  fiollowiii^  Mvm  sseans  anf  hie  paiw 
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die  point  ftnned  of  a  softer  tenacious  ■ntendL  hi 
which  fibres  of  cotton  or  silk  are  mised  to  pravept 
any  portioQ  finom  being  broken  qC  or^  detached 
durii^  use.  This  soond  pressed  j^gsini*  the.qbr 
stiuction  takes  a  connect  impression  of  its  ante* 
nor  &ce,  and  shews  the  ma^gnitDde  and  €xac| 
position  of  the  remaining  openiag. 

Sd.  An  ejrpamdmg  or  dOaiar  smmdy  vfaich  is  a 
small  tube  with  a  dilatable  button  at  its  extremity^ 
The  button  consists  of  a  little  b^  empty  wfail^ 
it  is  passiDg  through  the  structure,  and  filled 
with  fluid  when  it  has  reached  beromL  It  readily 
discovers  any  other  strictures  beyond  the  firsts 
and  the  state  c^'  each. 

Sd.  Ji  amdmrimg  cobuIb  or  tube^  open  at  both 
ends.  It  is  passed  down  to  the  stricture,  for  the 
purpose  of  supporting  and  directing  small  botj^pies 
seeking  entrance  throu^  very  narrow  strictures, 
or  of  guarding  the  caustic  boogie  in  its  approach 
to  the  place  <^^  its  action. 

Ith.  In  cases  where  the  attempt  to  n^ea  the 
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passage  has  tailed  by  all  common  means,  a  con- 
ducting tube  is  first  introduced,  and  through  it 
six  or  more  small  bougies  are  tiien  passed  side  by 
side,  so  as  to  probe  the  whole  face  of  the  stricture 
at  the  same  time.  It  is  thus  scarcely  possible 
that  the  opening  should  not  be  found. 

5th.  Were  even  tiiis  means  to  fail,  the  con- 
ducting tube  may  be  filled  with  water,  under  affy 
degree  of  pressui'e,  which  water  will  either  open 
the  passage  for  the  small  bougies,  or  wUI  itself 
act  as  the  sharpest  and  most  insinuating  of  all 
instruments.  The  stricture  by  whichevei  means 
opened,  will  tlien  allow  the  urine  to  escape.  As 
patients  might  fear  that  water  forced  towards  a 
bladder  already  too  full  would  only  increase  tlie 
evil,  J.  Aruott  waited  for  more  numerous  proofs 
of  tlie  utihty  and  safety  of  the  practice,  before 
strongly  recommending  it :  Dr.  Amussat  of  Paris 
has  lately  publislied  a  statement  of  numerous  cases 
of  retention  thus  relieved. 

tith.  A  dilator  for  widening  the  stiicture,  after 
a  small  instrument  can  be  passed  through  it:  it  is 
intended  as  a  substitute  for  the  bougies  and  sounds 
of  ibrmer  times.  The  chief  objections  to  these 
are,  the  painful  frictiou,  the  danger  of  making  false 
passages,  the  tediousness  and  imperfection  of  th§ 
cure,  and  that  they  cannot  dilate  any  part  of  the 
canal  beyond  the  size  of  its  orifice,  which  during 
liealth  is  the  narrowest  part  of  it. 

The  dilator  consists  of  a  tube  of  thini  mem- 
brane introduced  empty  into  the  stricture,  on  a 
ball-pointed  wire,  and  tlien  filled  with  fluid  by 
a   syringe,   so  as  to  dilate  with   any  degree  of 
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force,  from  the  mere  filling  of  the  part  to  tlie 
strain  of  tlie  hydrostatic  press,  which  will  tear  the 
strongest  texture  that  disease  can  form.     The  di- 
lating tube  is  about  two  inches  long,  and  its  near 
end    is  fixed    to  the  point   of  a  small   catheter, 
through  which  the  distending  fluid  is  injected. 
The  tube  is  formed  of  thin  silk  riband  of  various 
sizes  with  the  edges  joined.     It  is  hned  with  pre- 
pared gut  of  the  cat  or  dog,  which  is  almost  as 
I  thin  as  gold-beaters'  akin,  although  very  strong 
nd  water-tight,  and  it  is  covered  with  the  same 
f  to  give  the  smoothest  and  sotlest  possible  external 
[  surface.    When  complete  and  enclosing  the  blunt 
I  wire,  it  is  less  bu'hy  than  the  bougie  which  would 
be  required  for  the  same  case.     Thus,  it  passes 
I  easily  ;  it  cannot  tear  the  canal  or  make  false  pas- 
I  gages ;  it  can  enter  through  a  small  orifice  and 
dilate  beyond   to   any  desired   extent;     and    its 
I  ^catest  advantage  is,  that  by  opening  so  as  to 
[  £)llow  the  yielding  of  the  stricture,  it  can  effect 
M  one  application,  what  only  a  succession  of  hard 
I  bougies  with  long  treatment  could  accomplish.  In 
[  one  day  it  has  ofien  removed  disease,  which  had 
I  resisted  other  means  tor  months  or  even  years. 
Some  practitioners  and  critics,  not  understand- 
ing the  law  of  fluid  pressure  (explained  at  p.  229) 
I  objected  at  first  to  the  dilator,  that  a  little  water 
'  or  air    pressed  into   it  by  a  syringe,    would  be 
unable  to  overcome  much  resistance.     Had  they 
0een<4:he  instrument  lifting  so  readily  as  it  does  a 
,  heavy  weight  laid  upon  it,  or  snapping  a  strong 
ligature  tied  round  it,  tliey  would  not  have  had 
the  prejudice.     It  was  objected  also  that  the  in- 


PELVIC  APPARATUS.  591 

strumeiit  would  do  mischief  in  urethral  disease,  j 
by  dilating  the  canal  before  and  beliiiid  thB'j 
stricture  moi'e  than  the  stricture  itself  j  now  its  " 
dimensions  being  fixed  owing  to  its  silken  tunic,  it 
never  can  distend  beyond  the  diameter  chosen, 
and  therefore,  if  of  the  proper  size,  it  can  only 
press  on  the  stricture  itself.  It  was  also  said,  that 
this  instrument  requires,  in  the  operator,  greater 
manual  dexterity  and  acquaintance  with  me- 
chanical philosophy  than  many  surgeons  possess ; 
but  this  is  merely  saving  that  the  arts  are  progres- 
sive, and  that  the  accomplished  surgeon  of  the 
present  day  is  more  dexterous  and  inteUigent 
than  his  predecessors  of  a  century  ago.  It 
is  no  reason  why  the  delicate  apparatus  of  the 
ocuhst  should  fall  into  disuse,  that  all  surgeons 
are  not  able  to  apply  it. 

Some  attempts  had  before  been  made  to  construct 
d,dilator  ofjivid  pressure,  but  they  produced  nothing 
of  value.  For  urethral  purposes,  a  simple  gut  or 
intestine  is  worse  than  useless,  for  being  yielding 
in  its  texture,  the  surgeon  can  never  know  truly 
the  size  of  his  in^rument,  and  therefore  may  do 
much  mischief  with  it.  Dr.  Ducamp,  in  speakin" 
of  the  dilator,  allows  that  he  did  not  first  invent 
it,  but  then  from  ignorance  of  what  constitutes  its 
true  value,  he  takes  praise  to  himself  for  simplify- 
ing and  improxing  it,  by  throwing  away  the  silk, 
and  using  tlie  gut  oidy. — A  variety  of  metalHc 
dilators  have  been  contrived  and  used  by  English 
sm"geons  since  the  publication  of  Amotfs  Treaiise 
OH  Slriclures,  but  although  manageable  with  less 
trouble  than  the  fluid  dilator,  they  want  its  chief 
merits. 
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ThedUator  is  i^pltcable  to  maA}* 
poses  in  surgeiy  besides  that  now  me 
im  Temovii^  stricture  of  the  guile 
Bectunii-fbr  checking  hemorrhage  in  dt 
fordilating  wounds  as  a  tent,  &c.  Tl 
of  Hchotoiny  was  saved  to  a  gentlemai 
Aitler  Cooper  -and  the  author  weri 
together,  by  the  dilatM'  opening  a^fiital 
«>  that  a  large  stone  was  extracted  v 
tii^.  The  dyator  has  also '  served  for' 
war  tfbr  stone*  from  the  female  bladde 

7tli.  Another  improved  means  for  til 
flf  stiictiiie,  described  in  the  treatise, 
vi  apphing  caustic  for  its  entire  desti 
90  as  not  to  touch  any  other  part  o 
Fonnerij  the  caustic  was  t^plted-Zo 
the  stricture,  and  therefore  had  ^moi 
dettrqy  a  portimi  to  die  healthy  catai 
caoM  reach  the  contracted  fibres:'^ 
of  such  portion  depending  on  the  di; 
the  contracted  fibres  to  the  part  whei 
of  the  canal  began  to  be  drawn  inwar 
This  explains  why  not  unfre^ently 
applications  of  caustic  were  made  in  a 
and  whv  during  such  treatment  fal 
were  otWn  bored,  and  other  mischiefs 
Kow  bv  applving  the  caustic  mtkin  tl 
at  once,  a  single  application  generally  i 
accomplish  this,  a  ring  of  caustic  is 
described  in  the  Treatise,  and  in  thi 
a  bougie  of  peculiar  construction,  ab( 
from  its  extremity;  and  the  bougie 
))assed   down  to  the  stricture  througl 
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conductor,  the  point  passes  beyond  the  stricture, 
and  carries  the  caustic  to  the  very  spot  where  it 
is  desired  to  act.* 

*  Dr.  Ducaiup  incurred  a  singular  risk  in  giving  himself  out 
as  the  first  proposer  of  the  instruments  and  practice  described 
above ;  fur  he  was  already  known  as  a  traDslator  oF  Eoglisli 
medical  books,  and  the  Treatise  on  SIrictures  o£  J.  Amott  had 
been  held  up  to  public  attention  two  years  before  by  the  various 
medical  reviews,  in  terms  such  as  the  following.  "  We  have 
carefully  perused  this  little  volume,  and  are  of  opinion  that  it  is 
by  tax  the  best  systematic  work  on  the  subject  in  the  English 
language.  It  is  a  judicious  compilation,  interwoven  with  much 
original  and  acute  observation ;  and  it  gives  publicity  to  instru- 
ments which  promise  to  be  of  essential  benefit  to  operative 
surgery." — Medico-chinirgical  Review,  January  1819. 

Perhaps  Ducamp  imagined  that  the  slight  alterations  proposed 
by  him  in  the  construction  of  three  of  the  new  instruments  might 
be  a  shield  to  him  when  detected  :  but  as  the  true  merit  wai 
in  the  analysis  of  the  subject  which  suggested  such  instruments, 
and  not  in  the  mere  mechanical  fulfilment  of  intentions,  even 
a  considerable  improvement  on  the  instruments  Rould  have 
deserved  comparatively  little  praise.  Ducamp's  changes  were 
trifling  or  retrograde.  His  metallic  dilating  mund,  is  less 
perfect  than  metallic  sounds  contrived  by  J.  A.,  but  not 
described,  because  the  fluid  dilator  was  fotmd  to  be  preferable; 
His  porte-eaustique  is  defective  in  not  distending  the  stricture 
at  the  moment  of  applying  the  caustic ;  and  his  proposal  to 
make  a  dilator  witliout  the  silken  tunic,  renders  it  not  only  an 
useless,  but  a  dangerous  instrument  i  indeed  such  as  obliged  h 
to  use  the  caustic  in  almost  every  case.  His  silence  wi 
respect  to  the  liquid  probe,  favours  the  conclusion,  that  he  diS 
not  understand  it,  although  Dr.  Amussat  of  Paris  has  since 
used  it  with  such  success : — and  the  same  remark  applies  to 
the  double  catheter  or  sonde  a  double  courrenl  (see  .\niott's 
cases),  which  Dr.  Jules  Cloquet,  of  Paris,  has  lately  been  ap- 
plying with  so  much  zeal." 

The  following  are  extracts  from  the  report  made  by  the 
commissioners  of  the  French  Institute,  Doctors  Deschamps 
and  Percy,  in  May  18^2,  on  the  subject  of  Ducanipii  work, 
entitled    Ttfiitr  ilcf  rdrniitms  iFnrine. 
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Stmm  m  tkt  UmUer,  is  another  disease  relievable 
diiefl  J  by  mechanical  means. 

The  urine,  as  secreted  in  the  kidneys,  contains 
diasoKed  in  it*  a  varie^  of  substances,  which, 

MMt  important  imlady,  becaote 
md  paairal  WBidi  Mfect>  hntnOTtty>  has 
to  Hi  to  uKxit  more  tiMB  orainaiy  atlmtioii* 
WWflu  aoMC  icait  acoi  Tovr  aw  rnmnniasioperg  had  to 

af  anmlwr  wwk  on  thia  auifajecty  Uiey 
tba  seal  and  iodiuj  of  ita  ealimalili'  author  (Dr. 
i^ecK k  Mt  tacT  cowa  not  conceal  laaa  lacre  were  sou  nnper- 

of  lieaiBBCBt ;  and  alao  that  they  were 
CAtirdKr  ctfhcr  bonowed  or  naitated  fiom  the  Englidi* 
*^  The  woric  af  Dr.  Diicanp  aowkaica  oa*  however,  nothh^ 

»  laager  feaaow  aa  r^ards  this 
Ahhuj^hmirohMieof  BMiderate 
il  is  iocoiB|iaislih  aave  oaapleCe  aaid  fiiD  of  matter  than 
iW  boBnr  ti«otiKS  lateir  paUfafced  ia  other  ooimtriea.  •  «  • 
■faiii<es  al  these  aiiMwn  fir  hemiid  hinsy  whether  as  to 
afkbdoctiiMs,  «l»  a^oioriiy  of  Us  triab,  or 

**  H^  tins  a  pt^t  or  Hioan  of  the  stnctnre  by  an  instrument 
,.>e^  hj$  ^i«e6.xr..  csZieo  Sabot  Esvlc^riat^  (Arnott*8  examin- 

-  Ky  *2trec;xtz^  Scopes  xa  d^&ruh  cases,  he  uses  an  dastic 
Ci3:si  TdSe^  w^-i:  Se  «alj5  ^r/wiiairf-rtir.     (Deteribed  above^  page 

**  Mr*  IX  iiK^  rrTycuf^d  iar  xaeasuHB^  the  lei^th  of  strictures, 
.^c^  jd  vrasrucsjec::.  w^aci  vbeci  zotroduced.  enlarges  beyond 
\><  «rrcKnr*        Tie  lausBsi^  K9rw£.  perr  56S.J 

*^  XS^  T.\xr$iit  x"  :$orvr«  x-  oxomon  ciiiKic.  ts  what  be  uses 
vr  <3es6r,M  .Ttic  ^rv^-^^rvs^  bm  i^  es&pk>TS  it  in  a  new  manner, 
^y^cit  a^<MK^  :^  »  »  £^  k  T>ew  pow>^?s.  and  to  deprire  it  of 
ju:  ^  imwr  oiiiicers^  •  *  He  carsiiey  the  caustic  into  the 
^s^trx-^^r^f  >v   r>rtcsi  ."C  1*  wrsr  .-aajnifwr.     fSee  aicfvty  page 

^  . .  r>  ecbbfw  9^  cieiiL  at  the  morbid  part  to  its  true 
^^'^iSrvN  V  .;t$«e^  «t  :m!:cmiK«:  w^vich  he  names  a  dilatateur. 
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under  certain  circumstances,  separate  and  assume 
the  solid  form,  as  sugar  separates  in  small  crystals 
from  cooling  syrup,  or  salt  from  cooling  brine : — 
and  it  is  thus  that  those  minute  grains  are  pro- 
duced, which  we  call  urinary  gravel.  A  single 
particle  of  gravel  remaining  by  any  accident  in 
the  bladder,  soon  attracts  to  itself  more  matter 
of  the  same  kind,  and  becomes  the  nucleus  or 
centre  of  an  increasing  mass,  which  is  the  stone 
in  the  bladder. 

In  a  second  Tract  by  the  author's  brother,  pub- 
lished in  1820,*  the  following  paragraph  appears  : 

"  From  the  severe  suffering  of  the  patient, 
labouring  under  stone  in  the  bladder,  and  the 
remedy  being  an  operation  so  painful  and  dan- 
gerous, that  many  wear  out  their  lives  in  certain 
misery,  rather  than  submit  to  it;  it  has  arisen, 
that  no  part  of  surgery  has  excited  more  attention, 

(Vilalor,  page  589).  He  does  not  conceal  that  this  instrument 
had  been  imagined  before  him,  but  he  has  the  merit  of  perfect* 
iDg  it,  and  of  reducing  to  practice  what  before  had  only  existed 
as  a  project. 

" In  rendering  justice  to  the  able  men  who  have  pre- 

ceeded  Ducamp,  we  must  still  say  that  no  one  lias  displayed  so 
much  industry,  dexterity,  and  talent,  and  we  think  that  he  has 
high  claims  to  the  confidence  of  patients  and  tlie  gratitude  of 
the  profession,  and  that  his  work  merits  the  eulogium  of  tlie 
Academy. 

(Signed)         Deschamfs, — Psrcy,   Reporlerg. 
CuviEB, Secretary. 

*  Cases  illustrative  of  the  treatment  of  urethral  obstructions 
and  of  stone. — By  James  Arnolt. — Longman  and  Co.,  1820. 
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^  I '  t  ^ 


iB  the  medical  pnifenioii,  or  out  of  iL^ 
No  veiy  important  change  in  the  treatment  of 
this  disease  has  now  beeoF  made'ibr'Upwafds  o^^a' 
oeabuy;  and»  indeed,  it  has  i^peared^  to  be  Ae 
ofminn  of  modem  auFg^Bons^  tfaafc^flie -  iiwn ucf  '^'w 
openting  practised  b^  Cheaddeil,ndioui  a  ceotii^ 
9ga,  and  which  has  been-  called  th6'^:gloiy  of 
KagiJA  surgeiy,*  was  so- neatly  •  perftet,  st^  to 
hftve  fitde  nxMn  for  impwynsmenfc    The  faopOiP 
whidi  the  nqiid  progress  of  chemistiy,  and*  the* 
gfiad  discoveries  rdating  to  stono^  of  Scheele^ 
WoUastoA,  Foiircroy»  and  othen»  some  tiase-  ago: 
gmre  fairtb.to»  diat  we  shouldbe'  able  to  dislwlVe 
stone  :.bv  litfaoolr^itics»  m^  tfm  save  the  Jiomiw 
of  Hthntomr^  had  again  died  away,  and  the  te- 
aeanches  of  many  ii^cmoiis  men  iriio  imvebeen 
and  sdll  are  en^doyed  about  the  quertmi,  bave 
for  thdr  end,  more  to  pie%ent  tiie  formatiim:4if 
stone  by  remedies  and  regimen,  than  to  improve 
the  manner  of  removing  it  when  once  formed. 
I  trusu  howeven  notwithstanding  the  supposed 
exhausted  nature  €)i  the  subject,  that  the  foQowing 
essay  will  prove  that  much  was  still  possible  in 
the  improvement  of  this  department  of  the  healing 


The  publication  £rom  which  the  above  para- 
graph is  taken,  and  the  •*  Treatise'^  which  pre- 
ceded iu  VOL  both  of  which  new  instruments  and 


"*  Tile  Cdcalocue   of  luchors  who  fasiT^  written  upon  tiaoe^ 
itiaff  vvnr  civKtflir  prtnttd  ^^uono 


PELVIC  APPARATUS.  _  597 

new  processes  were  described,  and  interesting- 
facts  were  detailed,  powerfully  roused  the  publish ^ 
attention  In  England  to  the  possibility  of  : 
proving  the  treatment  of  stone ;  and  about  the 
same  time,  a  similar  spirit  awoke  independently 
in  France.  The  results  of  the  consequent  inves- 
tigations are  likely  to  be  of  great  importance  to 
humanity.  In  the  medical  publications  since  that 
time,  numerous  cases  are  recorded  of  lithotomy ' 
superseded  by  new  means.  We  shall  now  giva 
a  brief  account  of  the  principal  means,  intendedi^l 
however,  only  to  interest  the  reader  in  a  manner' 
that  may  lead  him  to  the  perusal  of  the  origin^ 
works,  where  more  minute  information  is  to  b© 
found.  , 

1st.  The  dilator,  as  applied  to  the  treatment 
of  stone,  has  already  been  spoken  of  in  the  pre- 
ceding pages. 

2d.  The  double  catheter.  This  instrument,  and 
the  purposes  to  wliich  it  is  applicable,  are  de- 
scribed in  Arnolds  Cases.  It  has  two  channels, 
by  one  of  which  fluid  may  pass  into  tJie  bladder, 
whUe  by  the  other  there  may  be  a  returning  cur- 
rent mixed  with  urine.  It  is  equipped  with  two 
pUant  tubes,  of  which  one  leads  to  the  suppli/ing 
reservoir,  and  the  other  to  the  waste  vessel.  It 
will  soothe  irritation  of  the  bladder,  whethOT 
arising  from  stone  or  not,  by  keeping  the  acrid 
urine  in  a  diluted  state,  or  by  applying  bland  and 
medicated  liquids  directly  to  the  internal  surface 
of  the  bladder.  Not  being  larger  than  a  common 
catheter,  it  may  be  worn  for  any  period  as  the 
common  catheter  now  is.  It  need  prevent  no 
2  Q 
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flirf  Wmf  be  Med  4jaslmg 
iieep.  It  wffl  art  piimifulijf  to  dilrte  >  r  inm  lifftil 
Hidder,  on  placiiig  Ae  mcfpaif  higli,  and  kMim 
flie  Arid  duteoA  with  die  pwiiufc  ^  s  lo^f 
eohuBB.  It  ako  aflbrds  bj  ftr  Ae  hmt  mmwi 
of  fldottttifiigf  «^  flcrfreM  of  stone  to  the  Uadder. 
Even  pofe  water  is  a  flcrfveM  of  mostankttalcal^ 
eiil^  as  is  prored  b j  j^acii^  tbem  in  o  nwtniwg 
stream;  bot  die  firi^  Madder  b«tt»ifidi' ii^w«> 
nitf  any  diluted  acid  or  alkalL 

9A,  The  ^fphon  catheter  (also  first  desofibed  ki 
AmoifsQues)  is  merdy  a  cath^tf  of  akngtb 
that  irffl  aBow  its  external  part  to  doaoend»  so-'-ai 
to  constitute  tiie  loi^  1^  1^  a  syjAon^  {SeefpMh 
maticsS)  Its  extremity  is  turned  up  alitikv  ot 
has  a  pcMtioQ  di  soft  attnnal  gut  tied  vpoji  it  to 
act  as  a  Tidve»  for  preventing  the  entrsnce  of  atr4 
The  most  useful  application  of  this  instnuneot^ii 
to  keep  the  Madder  empty  after  opemtions^  wtil 
iSie  healing  process  has  made  a  certain  advance; 
The  difiusion  df  urine  among  the  surronndif^ 
parts  after  lithotomy,  is  often  a  cause  of  deatii ; 
alftd  the  syphon  catheter,  by  providing  a  chaturd 
vvhich  the  urine  must  immediately  obey,  obviates 
f^e  danger.  This  instrument  is  sometimes  usefkl 
in  very  irritable  bladders,  by  carrying  off  the  urme 
as  it  descends,  and  thus  preventing  the  distension 
df  the  bladder  and  the  excruciating  contractions. 

3d.  AfarcepSj  calculated  to  pass  through  a  tube 
ihto  the  bladder,  and  to  open  there,  for  the  pur- 
pose of  seizing  any  small  stone  or  otiier-  solid 
object  o^red  to  it,  was  described  l6ng  ago  in 
the  Atnimnentum  Chirurgieum  of  Seultetu%  but 
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was  again  foj-gotten  until  John  Hunter's  investi- 
gations led  him  to  a  second  invention  of  it. 
Such  an  instrument  has  now  for  a  considerable 
time  passed  under  the  appellation  of  HuTiier's 
urethra  or  bladder  forceps.  It  answers  well  for 
extracting  small  stones,  and  therefore,  if  used  in 
time,  may  generally  prevent  the  necessity  of 
lithotomy. 

But  a  new  and  intense  interest  has  lately  been 
excited  with  respect  to  the  forceps,  as  a  means  of 
removing  stone,  by  the  discovery — also  an  old 
discovery  revived — that  a  sh-aighi  tube  may  be 
passed  to  the  bladder  as  a  conductor,  instead  of 
the  bent  tubes  or  catheters  commonly  used.  A  door 
is  thus,  as  it  were,  opened  directly  into  the  blad- 
der, through  whicli  a  stone  may  even  be  seen,  if 
desired,  and  may  be  easily  caught  and  broken  to 
pieces,  and  brought  away  without  the  slightest 
injury  to  the  living  parts.  Dr.  Civiale,  of  Paris, 
has  the  merit  of  first  contriving  good  instruments 
for  this  operation,  and  of  having  performed  it 
already  witli  complete  success  in  many  cases. 
He  introduces  a  strong  forceps,  which  seizes  and 
holds  fast  the  stone  ;  and  with  a  drill  which  passes 
through  the  handle  of  the  forceps,  and  is  turned 
rapidly  by  a  drill-bow  actuig  on  its  external  end, 
he  bores  and  breaks  down  the  stone,  of  whatever 
size,  until  no  piece  remains  so  bulky  as  not 
readily  to  escape  through  the  open  tube. 

Dr.  Darwin,  in  his  Zoonomia,  pubUshed  in  1790, 
proposed  to  seize  stones  by  forceps  passed  into 
the  bladder,  and  tlKii  to  break  them  down  or 
destroy    them   mcclianically ;    but   tlie   supposed 


fiOO       fixmnT  IX  wsulthoi  to  AxruAUL 


of  mmiing  ihioogh  a  loi^  bait  tobe 
pteiemcd  tnak  fioai  beii^  madcu    The  author 

vars  ago  (see  Cues,  page  9S> 


thit  it  VM  poaahlr  to  poos  a  bi^  into  the  living 
bladder,  so  as  to  enckwe  a  smoe  there,  and  that 
an  J  soil  em  migfat  then  be  injected  into  the  ba^ 
and  again  withdrawn  without  comity  into  contact 
with  the  Uadder.  This  was  shewn  rather  to  excite 
attmtiinn  to  the  possibtlitT  of  operating  in  the 
Madder  with  great  prectsion,  than  to  leconmiend 
nch  solution  as  a  means  of  destroying  stone. 

Several  Tenr  ingenious  instnunofits  for  breaking 
down  the  stone»  hare  been  ccMitrived  bj  other 
persons  since  that  of  Dr.  CiTiale,  but  there  is 
stifl  the  objection  to  all,  that  the  stone  is  broken 
into  such  iiagments,  that  manj  of  them  require 
agmn  to  be  treated  as  distinct  stones,  and  thus 
the  painful  operation  has  to  be  repeated  many 
times.. — ^The  author  deems  it  possible  to  make  a 
forceps  of  many  claws  or  ribs  which  should  sur- 
round the  stone  so  loosely  as  to  leave  it  freedcHn 
of  motion,  like  a  loose  kernel  in  a  shell,  and  so 
that  on  making  the  forceps  itself  whirl  back- 
wards and  forwards,  like  the  drill  in  Civiale's 
apparatus,  the  stone  might  be  quickly  rubbed  to 
dust  by  the  friction  or  file-action  of  the  roughened 
interior  of  the  claws  on  its  outer  surface.  The 
bladder  might  be  filled  during  the  operation  with 
water,  or  even  air,  to  secure  plenty  of  room  for 
the  turning  instrument ;  or  a  slender  external 
forceps  or  guard  might  be  used  to  prevent  contact 
of  the  bladder  with  the  moving  instrument*  Out 
C|f  the  body,  a  stone  harder  than  urinary  <ralculus. 
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placed  in  a  cage  with  rough  interior,  and  made  to 
whirl  as  described,  is  soon  reduced  to  dust.  There 
are  various  ways  of  making  a  forceps  or  cage  for 
this  operation,  which  will  readily  suggest  them- 
selves to  any  person  knowing  what  has  already 
heen  done  in  the  department,  and  having  the 
ingenuity  hkely  to  engage  him  in  such  a  pursuit. 

The  high  operation  of  lithotomy  possesses  over 
the  common  lateral  operation  such  advantages  as 
the  following ; — tliinness  of  the  parts  cut  through 
— distance  of  the  knife  from  important  arteries — 
stones  of  very  large  size  may  be  more  easily  ex- 
tracted— the  prostate  gland  is  not  wounded. — 
But  it  has  not  become  general,  because — there 
was  difficulty  of  avoiding  the  peritoneum  whde 
making  the  opening  into  the  bladder — there  was 
danger  of  effusion  of  urine  among  the  cut  parts, 
after  the  operation — and  where  the  bladder  was 
contracted,  the  incision  had  to  be  very  deep. 
Now  the  double  catheter  will  dilate  the  contracted 
bladder,  the  .<n/phon  catheter  will  prevent  the  effu- 
sion of  urine,  and  the  jointed  sliding  sound  (see 
Cases,  page  104)  will  ensure  the  accmate  cutting 
in  the  desired  place.  Had  there  been  no  less 
hazardous  means,  therefore,  than  cutting,  the  high 
operation  wth  the  new  securities  might  have  been 
the  best. 

When  a  catheter  has  to  be  retained  in  the  blad- 
der after  any  operation,  and  where,  if  it  sHpped 
out,  it  might  be  with  difficulty  replaced,  some- 
thing should  be  passed  througli  it  like  a  small 
spring  forceps,  to  expand  and  become  a  sort  of 
button  within  preventing  its  escape  (see  Case.'!, 
page  103). 
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UTEKINE   PHENOMENA. 

Althoiigli  SO  many  of  the  uterine  phenomena 
are  mechanical,  there  are  few  of  them  that  could 
I  be  treated  of  with  advantage,  except  in  connexion 
\  with  particulars,  of  which  the  consideration  does 
^Bot  belong  to  a  work  like  this.     As  mere  exam- 
I  pies  of  uterine  physics,  we  shall  cite  the  foUow- 
V  ing :    1  St.    The   protection   given   to  the  tender 
■  KEtus  by  the  liquor  amnii  m  wliich  it  floats.     A 
1  blow  on  any  part  of  the  parent  cannot  reach  the 
[  ftttus,  but  is  expended  on  the  surrounding  water. 
JW.  The  head  of  tlie  child,  because  ossificatiMi 
I  begins  in  it  first,  is  of  greater    specific   gravity 
[  than  the  other  parts  of  the  body,  and  therefore 
generally  lies  at  the  bottom  of  its  liquid  bed.     It 
[  is  thus  ready  to  appear  first  in  parturition,  accord- 
ing to  the  safest  course  of  delivery.    Sd.  The 
membranes  distended  by  the  liquor  amnii  descend 
j  before  the  head,   as  a  soft   but  powerful  wedge 
[  preparing  the  way.    4th.  We  have  already  spoken, 
fit  page  311,  under  the  name  of  pneumatic  tractor, 
of  a  circular  piece  of  leather,  or  similar  soft  sub- 
Stance,  kept  extended  by  an  included  solid  ring  or 
[  otherwise,  to  be  used  in  certain  cases  as  a  substi- 
tute  for  the  forceps.     The  forceps,    to  be  well 
i  and  safely  used,  requires  address,  which  even  the 
.naturally  dexterous  man  cannot  possess  without 
«  certain  degree  of  continued  practical  familiarity 
I  'with  it;  and  except  in  large  towns,  a  man  must 
[  be  unfortunate  in  his  practice  who  often  requires 
it ;    hence  the    really  small    number   of  persons 
■who  use  it  well.    The  author  proposes  to  publish 
on  this  matter,  and  on  some  other  strictly  pro- 
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fesaioijal  eubjects  which  are  lightly  touched  upon 
in  the  present  general  work,  such  a  practical  de> 
tail,  as  for  the  dilator,  syphon,  catheter,  S(C.  i^ 
found  in  his  brother's  Treatise  and  Cases.  ^ 

Conchsio7i.  * 

It  is  almost  superEuous  to  remaiic  here,  that  for 
the  practice  of  general  and  obstetric  surgery, 
learning  and  judgment  are  of  little  avail,  unless 
accompanied  by  mechanical  dexterity  :  and  it  is 
one  of  the  improvements  yet  to  be  made  in  our 
systems  of  education  for  various  professions,  to 
cultivate  more  methodically  the  use  of  the  hands. 
Children  and  young  people,  in  obtaining  practical 
famUiarity  with  ingenious  toys,  tools  of  carpentry, 
games  of  address,  musical  instruments,  &c.,  are 
often  fitting  themselves  for  the  important  business 
of  their  future  life. 

While  the  author  directs  the  attention  of  the 
profession  to  tlie  important  physical  considerations 
set  forth  in  the  preceding  pages,  he  deems  it 
necessary  most  pointedly  to  remark,  that  in  the 
living  body  mechanical  principles  are  associated 
in  their  operation  with  the  more  recondite  prin- 
ciples of  chemistry  and  of  life ;  and  that  the 
man  who  allows  his  mind  to  dwell  too  exclusively 
on  any  one  of  the  three  classes,  must  be  a  very 
bad  reasoner  in  questions  either  of  health  or 
disease.  It  is  within  a  very  recent  period,  how- 
ever, that  just  views  on  this  subject  have  begun 
to  prevail,  and  that  the  titles  of  tlic  peculiarly 
mechanical  physician,  or  chemical  physician,  or 
physician  attending  only  to  the  influence  of  life, 
2  q4- 
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tte  likely  to  be  no  loiter  jmtiy  applicable. 
The  bright  beams  of  true  philosophy  are  at 
last  breaking  in  upon  the  very  complex  and  di£> 
ficult  subjects  of  medical  inquiry ;  and  where 
formerly  keen  penetraticHi  be^idid  only  confusion, 
even  common  minds  now  begin  to  see  clear 
divisions  and  beautiful  arrangement. 


t*i^ 
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the  tenns  atom,  attractiout  repvlsion,  and  inertia — the  divi- 
sions of  this  work. 

CHAPTER  I,— SOMATOLOGY  AND  DYNAMICS,  or  the 
four  general  truths  used,  to  explain  the  general  nature  of 
material  substances,  and  of  the  motions  going  on  among 

Sect,  I. — Constitution  of  Material  Masses,  5. 
Atoms— minute — indestructible— occupying  space,  5. 
Attraction  of  atoms  is  mutual,  14. 

Gravitation,  14 — Cohesion,  14 — Cappillary  attraction, 
16 — Chemical  attraction,  18— Definite  proportions,  20. 

Form  and  magnitude  of  bodies — The  science  of  quan- 
tity, 82. 

Repulsion — The  influence  of  beat  on  mosses,  2G. 

Solid— liquid— air,  28. 

Repulsion  of  surtkces,  31. 

Modificaiions  of  Mauu  i-~Crjt^,  32 — Porosity,  S&— . 
Density,  37— Hardness,  40— Elasddty,  41~Brittlc- 
ness  43 — Malleability,  43 — Pliancy,  44> — Ductility, 
44— Tenacity,  46. 
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Sect.  II.— Motions  among  Bodies,  48. 

Motion  and  Rett  •* 

Inertia  of  matter,  50. 

Motion  is  naturally  permanent  —uniform— straight,  54. 
Centripf tal  «nd  centrifugal  forces,  61. 
Quantity  of  motion  and  force  ^momentum,  67. 
Direction  of  forces  and  composition  of  motion,  72. 

The  two  forces  of  nature  are  Attraction  and  Repulsion^ 

77.  . 

Accelerated  motion,  78. 

Retarded  motion,  81* 

Bent  motioiL  88* 

Pendulum  and  balance  w|u^  92* 

Tides,  windst  currentSi  df^.  obey  gftnus^i^  .^k 

Explosions,  steam,  &c.  obey  repulsion,  93. 

All  great  relocities  are  results  of  continued  action,  and 
are  destroyed  by  continued  action,  97. 

Adtionandxpaei&Nie^MlBndoMavaty^.M^..  . 

CHAPTER  IL— MECHANICS,  or  the  four  great  truihs  ex- 
plaining the  phenomena  among  solid  bodies. 

fbrce  movit^  a  part, must  taaqve  'Ae,y/MH  tfrbrtA  off 
the  part,  lOS. 

Centres  of  inertia  and  gravity,  109* 

In  inanimate  bodies^  115. 

In  animal  bodies,  119— Sea  sickness,  123. 

Influence  on  the  idea  of  beauty,  &c. 

Solids  moving  round  a  centre,  or  so  dmt  diflbrent  parts 
may  have  •different  speed,  130. 

Sim{»le  JHadunes,  13i, 

Leycr,  137 — ^Wheel  and  axle,  JA8— lacKnedptawe,  153 — 
Wedge,  155— Screw,  156— Pulley^  J58^Engine  of 
oblique  action,  161. 

Fly-wheels,  164 — Springs,  167— Perpetual  motions. 

Complex  machines,  169. 

Friction,  171.  .     - 

Wheel  caniage9— sHaii-wBys,  174. 
Stjrpngth  of  jnat«rial8,r  181, 

Influence  of  form — Arches,  lihc^.  M^^ 
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Animal  Mechanics. 
SctilU  &c  lOS. 
Spine,  and  its  distortbns,  196. 
Limbs  and  mechanical  sm-geiy,  205. 
Living-force,  217 — Tread-mill. 
Surgical  instruments^  220. 
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CHAPTEK  m.-HYDRODYNAMICS,  or  the  four  great 
truths  explaining  the  phenomena  of  flutdit]r. 

Sect.  I. — Hydrostatics,  or  ^ids  in  repose,  226. 

Pressure  in  a  fluid  extends  equally  through  tiie  whole,  229 -« 
Hydrostatic  press,  &c  . 

Plressure  in  a  fluid  increases  with  the  depfli,  233L 

l^ot  iofluenced  bj  shi^  of  Yesad,  239. 

CoinpressihSity  of  water,  Ac. 

Level  aurf^ce  of  fluids,  240. 

Spirit  level,  241 — Canals,  242 — RunrAig^fitreams — gra- 
dual change  of  the  earth's  aorfMoe  produced  4>y  run- 
nii^  water,  246» 

Same  level  in  communicating  ires8el8»  253. 

City  water-worka,  255. 

Springs  and  welb,  258. 
Support  of  bodies  floating  in  fluidi^  260* 

Specific  gravities)  268* 

Floating  bodies,  265. 

Swimming  of  man  and  in&rior  animals^  27S. 

Ballast,  279» 

Fluids  of  different  density. 

Sect.  II. — Pneumatics,  or  pheaaDenH  of  air*  05. 

Lightness,  289. 

Elasticity,  290. 

Air-pumps,  290— Diving^M^,  296~Water-baU9on,  801 
— Hero's  fountain,  502. 

Pressure  in  all  directions,  303. 

Plressure  as  depth,  304. 

Weight  of  the  atmosphere,  304. 
^  Atmospheric  pressure  on'sofids^'MS. 

Magdeburgh  hemispheres,  309. 

Pneumatic  tractor,  311. 
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Atmospheric  pressure  on  liquids. 

Pumps,  S18— Syphon,  S19— Intermit^R  fonntaimy  321 
—Bird-glass,  S22~Vent-plugs,  SgS^Baromeler,  327. 

Atmospheric  pressure  on  animal  body,  323. 

Cupping,  325,   &c. 

Atmospheric  pressure  detennines  the  liquid  or  aeriform 
state  of  certain  substances,  339. 

BoiUng,  340. 

~  at  diffiorait  beightip  S4U 

—  in  vacuo  and  distilling,,  345,      .    -        .   ' 
SlUttic  finnse  of  steam,  34& 

Steam-engines,  350. 

Explosions,  360. 

Atmospheric  pressure  aflbctiog  combinations  of  bodies. 

Effervescence — sparkling  liquids,  3Ct3. 

Atmospheric  pressure  affecting  the  density  and  tempera- 
ture or  the  air,  864. 

.  Climate  diepending  on  elevation,  366. 

Atmospheric  pressure  affecting^  the  liumidity  <ff  die  air,  367. 

Rain,  mist,  snow,  hail,  dew,  369. 

Rain  and  clouds  among  mountains,  372. 

Fluid  support  or  floating  in  air,  875. 

Balloons,  378.  ' 

Ascent  of  flame  and  smoke^  379. 

Chimnies,  381. 

Warming  and  ventilating  houses,  386. 

Apartments  for  consumptive  patients,  391. 

Winds,  393. 

Trade-winds,  393. 

Land  and  sea  breezes,  395. 

Monsoons,  396. 

Ppeumatic  trough,  397. 
Gasometer,  398. 
Pneumatic  chemistry,  399. 

SiccT.  III. — Hydraulics,  or  fluids  in  motion,  402. 
Fluids  moving  in  channels  or  issuing  from  them,  403. 
Aqueducts,  406. 
Fountains  and  jets,  407. 
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Waves,  407.  ,     . 

Momentum  and  r^aisUnce  of  fluids,  41.4>..    . 

Resfstance  to  ships,  &c.  increases  much. more  rapidly 
than  the  velocity,  414. 

Steam- boats,  415. 

Paddle-wheels,  417. 

Resistance  to  bodies  in  air,  418. 

Fluid  resistance  limits  many  velocities,  420. 

is  influenced  by  shape  of  solid,  421. 

Water-wheels,  423. 

Fluid  resistance  proportioned  to  stur&ce  6f  eontact,  and 
not  to  quantity  of  matter,  423. 

Projectiles,  &c.,  levigating,  426 — ^Winnowing^ — ^Wash- 
ing Gold-dust,  427, 

Oblique  action  of  fluids,  428. 

Navigation — Sails,  428 — Rudder,  429.   . 

Wmdmills,  432— Feather^  airows,  433^Paper-kites, 
435. 

Lifting  fluids,  436. 

Buckets — Pumps«-Wheels— Water-screw,  438 — ^Wa- 
ter-ram, 439. 

* 

Sect.  IV. — Aooustics^  or  doctrines  of  sound;  442* 

Nature  of  simple  sound,  443. 

Continued  sound  or.  tojie,  445— Grave»  or  sharp  tones, 
449.  '■   •'      ""^ 

Musical  sounds,  450. 

Musical  scale,    453. 

Melody — Harmony— Accompaniment — ^Time,  455. 

Musical  instruments,  457. 

Tuning-forks,  457. 

Musical  ear,  468. 

Spreading  of  sound — in  solid  and  fluid,  465 — Stethescope, 
468.  ♦  / 

Velocity  of  sound,  469 — ^Many  examples. 
Reflection  of  sound,  471.' 

Echo— Whispering  galleries — Ear  tnunpet8»««Speaking 
trumpets,  472. 

Animal  ear,  478. 
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Fluidity  in  retUion  toanimah,  481% 

1'.  Circulation  of  Uodd! : 

In  aiteriesy  4M. 

In  capillaries,  495. 

In  veins,  5(MK 
Force  of  the  heart,  515. 
Velocity  of  blood,  516. 
The  pulse,  517. 
Circulation  in  the  head,  586. 
EffecU  of  position  on  the  airculatioB,  530. 
Fainting  ftom  diminished  arterial  tensiont  532. 
Diffused  pressure,  537. 

Mercurial  bath. 

Poultiees. 
'^ansAmionr  of  Mood,  536. 
2*  Respiration  and  voice,  539. 
Action  of  chest,  541. 
Wounds  of  chest,  543, 
Hemoptysis,  544. 

Coughing — Sneezing — Hiccup,  &c.,  546. 
Suffocatipn,  548. 

Humane  Society's  apparatus,  549. 

Artificial  respiration,  550. 
Speech,  552. 

Arbitrary  signs  of  ideas. 

Modification  of  voice,  554. 

Table  of  articulations,  5G0. 

Stuttering,  561. 

Ventriloquism,  566. 
3.  Digestion,  570. 

Mechanism  of  the  organs,  571. 
Effects  of  abdominal  pressure,  573. 
Vomiting,  577. 
Stomach  pump,  &c.,  578. 
Enema  funnel,  581. 
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4.  Secretin  of  the  kidnejrsy  585. 
The  apparatus. 
Obstructions  in  urethra,  586. 

New  instruments  and  means  for  treatment,  587. 
Stone  in  the  bladder,  594. 
New  instruments  and  means,  597. 

5.  Uterine  phenomena,  602. 
Protection  of  foetus  by  the  liquor  amnii. 
Position  of  ditto. 

Importance  of  physical  knowledge  and  manual  dexteri^. 


THE   END. 
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N.B.  Persons  who  procure  this  supplement,  are  re^ 
quested  at  once  to  make  notes  of  reference  to  its  para- 
graphs, in  the  several  pages  of  the  volume  to  which  the 
paragraphs  belong.  The  early  edition  will  then,  as  to 
matter  of  fact  or  substance,  be  nearly  on  a  par  with  the 
third,  although  not  perhaps  as  to  clearness  of  style  and 
simplicity  of  explanation.  The  first  edition  issued  from 
the  press  less  complete  than  might  have  been,  because  the^ 
fltuthor^s  experience  of  such  business  began  with  it,  and 
because  when  he  had  once  determined  to  publish  the 
volume,  although  his  professional  duties  left  him  little 
more  than  portions  of  the  nights  to  devote  to  it,  several 
reasons  urged  him  to  do  it  quickly.  He  hopes  that  his 
second  volume,  now  in  progress,  will  not  stand  in  need  of 
similar  ^)oIogies. 

The  first  edition  is  complete  for  non-professional  read- 
ers, when  the  section  from  page  585  (second  edition  from 
page  609)  to  the  end  is  omitted.  The  binder  will  take 
directions  accordinorlv. 

1th  June,   1828. 
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Ai,THOUGH  paradoxical,  it  is  true,  that  human  know- 
ledge, tlie  more  it  is  accumulated  and  perfected,  is  also 
the  more  easily  acquired  and  recollected.  As  an  instance 
we  may  refer  to  our  present  knowledge  of  the  celestial 
motions.  These,  to  our  ancestors,  appeared  so  incxplica- 
bie,  that  to  observe  and  analyze  them,  some  of  the  most 
gifted  individuals  devoted  their  lives — yet  when  at  last 
contemplated  through  the  records  of  many  centuries,  by 
the  penetrating  genius  of  Newton,  they  were  found  all  to 
range  themselves  under  a  few  simple  expressions,  easily 
intelligible  and  easily  remembered  by  an  ordinary  mind. 
Thus,  now,  not  only  is  the  confusion  of  past  times,  in 
regard  to  astronomy,  converted  into  a  scene  of  beautiful 
simplicity  and  harmony,  but  we  are  able  to  predict,  with 
certainty,  many  of  the  changes  which  are  to  happen  in 
time  to  come.  Facts  of  this  kind  make  it  appear,  that 
the  progress  which  is  still  to  be  looked  for  in  the  human 
sciences,  instead  of  threatening  men  who  require  a  good 
education  with  additional  labour,  promises  to  convert 
their  necessary  labour  almost  into  amusement, — amuse- 
ment, however,  which  will  lead  to  the  most  important 
results. 

The  author  has  thought  it  necessary  to  make  this  obser- 
vation to  meet  what  has  been  stated  by  not  a  few  against 
his  present  volume,  namely,  that  it  is  so  simple,  or  easily 
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understood,  that  he  must  have  left  imtouched  many  of  the 
important  principles  of  natural  philosophy,  lest  the  study 
of  them  should  prove  too  difficult  for  the  generality  of  his 
readers.     Now  the  fact  is,  that  he  has  not  only  included 
all  the  general  truths  belonging  to  the  department  of 
Physics,  but  has  introduced  many  matters  which  are  not 
usually  found  in  treatises  on  the  subject: — what  he  has 
avoided  are  matters  of  inferior,  or  at  least  of  limited  inte- 
rest    He  has,  however,  availed  himself  of  a  circumstance^ 
either  not  known  or  not  adverted  to  by  former  writers,  viz. 
that  what  may  be  called  the  mathematics  ofcomnum  sense  or 
experience^  and  which  may  be  expressed  in  ordinary  lan- 
guage— as  distinguished  from  technical  mathematics^  which 
has  its  peculiar  language,    is  perfectly  sufficient  for  the 
explanation  of  all  the  great  laws  of  nature.     By  attending 
to  this  truth,  and  aiming  at  extreme  simplicity  of  arr 
rangement,    he   has   avoided    that   abtruse   phraseology 
which  is  so  generally  repulsive,  and  he  hopes  he  has  &cir 
litated  to  many  gifted  individuals,  who  would  otherwise 
have  been  deterred  by  the  idea  of  difficulty,  the  study  pf 
that  one  among  the  four  great  departments  of  humaa 
science,  which,  after  the  department  of  mind,  is  the  most 
pleasing  in  its  nature,  has  attained  the  highest  degree  of 
perfection,  is  the  most  fruitful  of  valuable  applicationsi 
and  when  fairly  understood  in  its  relation  to  the  others, 
establishes  a  lucid  order  through  the  whole  of  the  intel- 
lectual acquirements. 

Astronomy,  which  is  the  instance  chosen  above,  is  only 
one  of  innumerable  subjects,  which,  when  imperfectly 
understood,  appear  obscure  and  difficult,  but  wh^i  more 
fully  investigated,  become  simplicity  itself.  As  an  example 
from  the  studies  of  medical  men  may  be  mentioned  the 
question  of  the  movement  of  the  blood  in  the  veins,  which 
has  lately  been  discussed  in  medical  societies  and  reviews 
with  considerable  earnestness.  In  this  question,  the  ap* 
peal  is  necessarily  made  to  the  laws  of  Natural  Philosophy, 
which  govern  the  phenomenon ;  but  because  the  study  of 
these  has  been  little  cultivated  by  the  faculty,  more  time 
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has  been  absorbed  in  futile  disputation  and  experiment 
than  would  have  sufficed  for  acquiring  a  competent  know- 
ledge of  the  whole  body  of  Physics: — now  the  single 
section  of  Physics,  which  bears  on  the  point,  if  understood 
in  a  moderate  degree,  would  have  caused  all  the  difficulties 
at  once  to  vanish.  The  circulation  of  the  blood,  again,  is 
but  one  of  numerous  and  scarcely  less  important  subjects 
in  the  medical  art,  to  which  Natural  Philosophy  is  the 
easy  and  only  key. 

These  last  reflections   are  intended   as  a  reply  to   ; 
second  remark  which  has  been  made  in  some  quarters  I 
with  respect  to  the  present  volume,  viz.  that  its  subject  i 
not  of  primary  importance  in  medical  education.      Al* 
though  no  one  who  had  advanced  beyond  the  mere  thres- 
hold of  the  study  could  have  held  this  opinion,  the  author 
finds  it  necessary  to  advert  to  it.    His  labour  in  preparii:^ 
the  present  volume  wiU  have  been  vain,  if  by  it  he  prove  1 
not  to  his  readers  that  the  magnificent  fabric  of  huraatt' 
knowledge  has  Physics   or   Natural  Philosophy  for   i^ 
foundation;  Chemistry  for  the  second  department,  resting 
on  tlie  first ;  Physiology,  or  the  doctrine  of  organic  Lifej 
for  the  third,  resting  oa  the  other  two,  and  fully  intelligible 
Only  to  the  mind  familiar  with  the  others;   while  the -J 
science  of  Mind  crowns  the  whole. 

The  Author  had  hoped  to  be  able  to  publish  in  tht  J 
eosrse  of  this  autumn  the  remaining  portion  of  his  Ele^  J 
menta  of  Physics,  but  the  early  call  for  this  second  editidA  J 
lias  prevented  him.  As  the  part  in  question,  however,  I 
has  Imig  been  written,  there  is  nothing  required  in  regard  -I 
to  it  but  what  he  thinks  his  leisure  will  permit  him  soon 
to-  accomplish. 

The  Author  might  be  accounted  insensible  to  the  ap- 
probation of  his  own  profession  and  of  society  in  general, 
if  he  allowed  the  present  occasion  to  pass  widiout  alluding  ^ 
to  the  reception  which  his  book  lia.s  meU  Gratifyiag- 
indeed  has  it  been  to  him,  and  encouraging  to  the  coni 
jpletioti  of  his  task.  With  the  desire  of  making  the  pre^ 
sent   volume   as   worthy  as  he    could   make  it,    of  the 
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approval  of  those  into  whose  hands  it  may  fall,  he  has 
carefully  revised  it :  but  as  he  had  previously  well  coiw 
sidered  the  subjects,  he  has  found  nothing  beyond  verbal 
inaccuracies  to  correct  He  has  however  been  able  to 
simplify  some  of  his  illustrations,  and  has  here  and  there 
added  new  matter.  Whatever  of  this  is  of  a  nature  to 
appear  complete  in  a  detached  form,  will  be  printed  sepa^ 
rately  for  the  accommodation  of  those  who  have  w  re- 
cently procured  the  first  edition. 

It  has  been  mentioned  as  a  fault  in  the  former  edition, 
that  no  separate  enumeration  any  where  appeared  of  what 
might  be  considered  novelties  in  the  work.  Now  many 
of  these  are  rather  in  method,  condensation,  illustration^ 
&&,  than  in  particular  subjects.  The  following,  however, 
may  be  examined  as  insulated  specimens  of  new  disqui-* 
cition  or  suggestion : 

Theory  of  the  Spinning-Top    Page  65 

Peculiar  Pulley  160 

Distorted  Spine   198 

Swimming  and  Diving •• 273,  298 

Transference    of   Heat  in  Liquids,    Warm  Bath, 

Brewing  Refrigeratories^  &c ••  282 

Pneumatic  Tractor 310,  602 

Extensive  Cupping , 326,  535 

Distilling  and  Evaporating • 341 

Regulation  of  Temperature  in  Apartments  for  Con- 
sumptive Patients 391 

Water- Wheels  for  Ships    ••.•••  417 

Self-Steering  Ship   430 

Musical  Recorder    • 460 

Musical  Glasses    • 462 

Circulation  of  Blood:  in  the  Arteries 486 

. — ^_. in  the  Capillaries 495 

■ in  the  Veins 500 

The  Pulse 517 

Bath  of  Strong  Pressure •••  537 

Artificial  Respiration  •« 549 
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Analysis  of  Articulate  Speech  and  Treatment  of 
Stammering • Page  ^^6 

Substitutes  for  Stomach-Pump,  &c 579 

Various  Means  of  treating  Strictures  in  the  Canals 
of  the  Animal  Body    ^ 587 

JVieans  of  Treatment  for  Stone • 594 

30fA  Nov.  1827. 


At  page  xviii,  after  "  revelation,^*  line  6th  from  bottom. 

And  all  his  arts  are  founded  on  this  knowledge — some 
of  them  on  the  single  part  of  Physics,  as  that  of  the  ma- 
chinist, architect,  mariner,  carpenter,  &c.;  some  on  Che- 
mistry, which  includes  Physics,  as  that  of  the  miner,  glass- 
maker,  dyer,  brewer,  &c. ;  and  some  on  Physiology,  which 
includes  all  the  rest,  as  that  of  the  scientific  gardener  or 
botanist,  agriculturist,  zoologist,  &c.  The  business  of 
teachers  of  all  kinds,  and  of  governors,  advocates,  linguists, 
&c.  &c.,  respects  chiefly  the  science  of  mind. 

At  page  xx,  after  line  itthjrom  bottom. 

The  most  complete  education  as  regards  mind,  can 
only  consist  in  an  acquaintance  with  Natural  History  and 
Science,  and  vnth  the  signs  of  ideas,  viz.  language,  in  one 
or  more  of  its  idioms,  and  the  visible  signs  of  letters^ 
cjrphers,  &c.  for  representing  words.  As  regards  the 
body,  it  consists  in  the  formation  of  various  habits  of 
muscula^  action,  as  in  gymnastic  exercises,  dancing,  rid- 
ing, in  performance  on  musical  instruments,  games  of 
address,  drawing  and  painting,  use  of  fire-arms,  and  other 
exercises  of  utility  or  amusement  By  reviewing  a  table 
of  such  matters,  each  man  may  see  at  once  what  he  can 
know,  and  what  it  may  suit  his  particular  condition  to 
study. 
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Jipage  xxii,  ^ier  <<  Mmd^"  luU2lat/Tom  top. 

The  reason  for  bestowing  much  attention:  on  the  Greek 
and  Roman  langui^es  was  good  some  centuries  ago,  be^ 
cause  then  no  book  of  value  existed  which  was  not  written 
in  one  of  these  languages ;  but  now  the  case  is  completely 
reversed,  for  he  who  learns  almost  any  matter  of  science 
from  old  books  is  learning  error,  or  at  the  least,  knowledge 
far  short  of  modern  erudition.  As  to  the  higher  mathe- 
matics, again,  while  they  merit  great  honour,  as  being  the 
instrument  by  which  many  useful  discoveries  have  been 
made,  and  the  conjectures  of  powerful  minds  have  been 
confirmed,  still  a  very  deep  investigation  of  them  is  neither 
possible  to  the  generality  of  men,  nor  if  it  were  so,  would 
it  be  of  any  utility. 

At  page  xxiii,  q/ter  ^^men,"  line  \bthfiromhottmnk 

And  even  then,  the  book  of  nature  cannot  be  compiled, 
as  many  encyclopedias  have  been,  by  each  individual 
writer  taking  a  distinct  part  or  parts;  but  ftj^  the  parts 
being  undertaken  conjointly  by  several,  so  that  he  who 
eonceives  most  happily  for  students  may  sketch,  he  who  is 
learned  may  amplify  and  complete,  he  who  is  correct 
may  purge,  he  who  is  tasteful  may  beautify,  &c.  After 
such  a  book  existed,  it  would  not  become  the  object  of 
talented  individuals  to  write  a  new  hook — which  again 
would  necessarily  have  the  imperfections  of  an  individual 
attempt — but  to  assist,  under  the  direction  of  a  superin- 
tending council,  in  perfecting  the  existing  work.  The 
composition  of  the  Book  of  Natyre  might  be  a  worthy 
object  of  rivalry  even  between  nations. 

At  page  52,  after  line  IQthfrom  bottom. 

The  actions  of  beating  a  coat  or  carpet  with  a  cane,  to 
expel  the  dust ;  of  shaking  the  snow  from  one's  shoes,  by 
kicking  against  the  door-post ;  of  knocking  a  dusty  book 
against  a  table,  or  shutting  it  violently— all  illustrate  the 
same  principle. 
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Jipage  6d,  c^  Am  4<ft  (^;i.  63). 

It  thus  appears  that  the  very  feet  of  a  spinning-top 
inclining,  causes  the  point  to  shift  its  place,  and  so 
that  it  cannot  rest  until  it  come  again  directly  under 
the  centre  of  the  top.  It  is  remarkable  that  even  in 
philosophical  treatises  of  authority  the  standing  of  a 
top  is  still  vaguely  attributed  to  centrifugal  force. 
Hence  some  persons  believe,  that  a  top  spinning  in 
a  weighing  scale,  would  be  found  lighter  than  when 
at  rest  ;  and  many  most  erroneously  hold  that  the 
centrifugal  force  of  the  whirling,  which  of  course  acts 
directly  'ftway  from  the  axis,  and  quite  equally  in  all  direc- 
tions, when  the  top  inclines,  becomes  greater  upwards 
than  downwards,  so  as  to  counteract  the  gravity  of  the 
top.  The  way  in  which  centrifugal  force  really  helps  to 
maintain  the  spinning  of  a  top  is,  that  whenf  the  body 
inclines  or  begins  to  /all  in  one  direction,  the  motion  in 
that  direction  continues  until  the  point  in  describing  its 
eurve  ba^^rced  itself  under  the  body  again% 

At  page  79,  after  "  increases^^  line  *it\st. 

This  truth  is  well  exemplified  by  the  pouring  out  of 
molasses  or  thick  syrup :  if  the  height  of  the  fall  be  consi- 
derable, the  bulky  mass,  which  first  escapes,  is  reduced, 
before  it  reaches  the  bottom,  to  a  small  thread ;  but  the 
thread  is  moving  with  proportionate  speed,  for  it  fills  the 
receiving  vessel  with  singular  rapidity. 

At  page  82,  after  line  6/A. 

It  is  shewn  in  a  preceding  paragraph,  that  a  body  £dls 
jnr  times  as  far  in  two  seconds  as  in  one,  although  the 
Telocity  at  the  end  of  two  seconds  is  only  doubled.  For 
the  same  reason,  a  body  shot  upwards  with  double  velo^ 
city,  rises  four  times  as  far  as  if  shot  with  a  single  velocity; 
if  with  triple  velocity,  it  rises  nine  times  as  fer,  and  so 
forth. 
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Mpage  84»  after  <'  If'  Hne  4th/rom  bottom. 

If  a  pendulum  6  a  be  twice  as  long 
as  another  6  e,  it  has  twice  as  much 
to  fall  in  its  descending  arc  c  a,  as 
the  other  in  its  arc  d  e,  while  in  cor- 
responding parts  of  the  two  paths, 
the  slope  or  inclination  is  always 
equal. 

At  page  85,  after  line  14A. 

To  counteract  the  dilatation  or  contraction  of  pendu* 
lums  &om  the  changing  heat  of  the  seasons,  various  inge- 
nious contrivances  have  arisen.  One  of  the  best  of  these 
is  the  gridiron  pendulum^  as  it  is  called,  from  consisting  of 
various  rods  of  metal.     It  renders  the  di£Perent  dilatability 

iby  heat  of  two  metals  composing  it,  the  cause  of 
unchanged  length  in  the  whole,  llie  adjoining  sketch 
may  shew  that  if  the  central  rod  of  l^^uss  (here 
represented  by  a  strong  line  from  b  to  c)  dilate 
just  as  much  as  the  two  rods  of  steel  on  either  side 
of  it  do  together  (the  expansion  of  brass  by  heat 
being  about  double  that  of  steel),  it  will  exactly 
•j'  counteract  the  lengthening  of  these,  and  will  keep 
the  ball  d  always  at  the  same  distance  from  the  point 
of  suspension  a. 

At  page  87,  after  line  \2th. 

As  the  rate  of  a  clock  is  influenced  by  the  length  of  its 
pendulum,  so  is  the  rate  of  a  watch  by  the  size  or  diame- 
ter of  its  balance-wheel;  and  heat  which  retards  the  mo- 
tion of  a  common  clock,  by  lengthening  the  pendulum, 
retards  the  motion  of  a  common  watch  by  dilating  the 
balance-wheel.  Man's  ingenuity  however  has  found  a 
remedy  for  the  latter  case  as  for  the  former,  viz.  the  con- 
trivance called  the  expansion  balance-wheel.  Of  this  the 
circumference,  instead  of  being  a  continuous  ring,  is  made 
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up  of  two  half-rings,  each  attached  by  one  end  only,  to  a 
cross  bar,  and  which  half-rings  being  of  brass  on  the  out- 
side and  of  steel  within,  bend  or  curl  inwards  by  heat — as 
a  sheet  of  damp  paper  bends  when  held  to  the  fire — and 
thus  diminish  the  size  of  the  wheel  at  their  loose  extre- 
piities,  so  as  just  to  counterbalance  its  increase  by  the 
expansion  of  the  cross  bar. 

As  the  motion  of  a  pendulum  has  relation  to  the.^ce 
of  gravity,  so  has  the  motion  of  the  balance-wheel  to  the 
stiffness  of  the  balance-spring ;  and  the  regulator  of  a 
watch  is  merely  a  pin  which  bears  against  the  balance- 
spring,  and  which,  by  sliding  backwards  or  forwards,  so 
as  to  shorten  or  lengthen  the  part  of  the  spring  left  free 
to  bend,  changes  the  degree  of  its  stiffness. 

Alpage  104,  after  "  it,"  line  \Qth. 

The  ascent  of  a  sky-rocket  is  aided  also  by  the  recoil  of 
the  rocket  from  the  part  of  its  substance,  which  is  con- 
stantly being  shot  downwards. 


At  page  105,  line  &th  ftom  bottom. 

When  a  billiard-ball  strikes  directly  another  ball  of 
equal  size,  it  stops,  and  the  second  ball  proceeds  with  the 
whole  velocity  which  the  fii-st  had ; — the  action  which  im- 
parts the  new  motion  here  being  equal  to  the  re-action 
which  destroys  the  old.  Although  the  transference  of 
motion,  in  such  a  case,  seems  to  be  instantaneous,  the 
change  is  really  progressive,  and  is  as  follows.  The 
approaching  ball,  at  a  certain  point  of  time,  has  just  given 
half  of  its  motion  to  the  other  equal  ball,  and  if  both 
were  of  soft  clay,  they  would  then  proceed  together  with 
half  the  original  velocity;  but,  as  they  are  elastic,  the 
touching  parts  at  the  moment  suppased,  are  compressed 
like  a  spring  between  the  balls,  and  by  then  expanding, 
and  exerting  force  equally  both  ways,  they  double  the 
velocity  of  the  foremost  ball,  and  destroy  altogether  the 
motion  in  the  other. 
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At  page  138,  h^bre  kut  line  {*p.  186). 
Another  case  of  the  leter,  exhibited  in  the  fidjoining 
diagram,  serves  well  to  explain  the  nature  of  mechanical 
powers  in  general.     Suppose  A  to  be  a  weight  of  ibur 

pounds  at  the  end  of 
the  rod  or  lever  A  B, 
turning  on  Cas  ks  axis, 
or  fulcrum,  and  having 
the  arm  C  B  four  times 
as  long  as  the  arm  GA : 
one  pound  at  the  end 
B^  would  balance  the  four  pounds  at  the  end  A  (the 
weight  of  the  lever  itself  is  not  regarded  here),  and  with  the 
slightest  additional  weight  would  preponderate.  Now  let 
us  suppose  the  arc  B  b  fixed  to  the  long  arm  of  the  lever, 
and  having  four  projections  or  shelves  firom  it,  on  which 
balls  of  one  pound  might  rest :  if  one  of  the  four  balls 
from  the  plane  d  were  to  roll  upon  the  first  shelf,  with  one 
grain  more,  it  would  lift  A,  and  would  itself  descend  to 
plane  e,  one  inch  below ;  then  a  second  ball  of  one  pound 
would  occupy  the  second  shelf,  and  would  descend  in  the 
same  way,  and  then  a  third,  and  then  a  fourth;  and 
when  the  whole  four  had  fallen  from  d  to  c,  they  would 
just  have  lifted  the  four  pound  weight,  at  the  other  end  of 
the  lever,  one  inch.  Then,  although  one  pound  were 
seen  here  lifting  four  pounds,  it  would  only  lift  it  one- 
fourth  part  as  far  as  it  fell  itself,  and  the  sum  of  the 
phenomenon,  when  ended  would  be,  that  four  pounds, 
by  falling  one  inch  at  the  long  end  of  the  lever. 
Would  have  lifted  four  pounds  one  inch  at  the  short  end. 
No  mechanical  power  or  machine  generates  force  more 
than  the  lever  in  this  case. 

At  page  134,  after  last  line  (*  p*  137). 

We  must  warn  the  reader,  however,  that  there  are 
many  important  considerations  connected  with  the  prac- 
tical employment  of  forces,  according  to  their  respective 
nature,  and  that  of  the  resistance  to  be  overcome,  which 
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cannot  be  entered  upon  in  this  elementary  work.  In  very 
many  cases  tliere  is  a  great  waste  or  unavoidable  loss  of 
force,  because  the  resistance  in  yielding  runs  away  or 
escapes  from  the  force,  as  when  a.  ship  runs  away  from  the 
wind  which  is  driving  her,  or  the  floats  of  a  quick  moving 
water-wheel  from  the  stream  which  turns  it.  Horses 
drawing  boats  or  carriages  at  the  rate  of  five  miles  an 
hour,  may  exert  great  force ;  but  with  a  speed  beyond 
twelve  miles,  nearly  their  whole  effort  is  required  to  move 
their  own  bodies.  As  a  general  rule,  although  equal 
quantities  of  force  balance  each  other  when  applied  to  parts 
of  a  lever  or  wheel  altogether  or  nearly  at  rest,  still  when 
force  is  made  to  act  near  an  axis  or  fulcrum,  to  produce 
considerable  velocity  in  a  more  distant  part,  much  of  it  is 
wasted  in  pressure  agiunst  the  fixed  fulcrum. 

At  page  143,  o/fer  line  2Qth. 
A  projecting  rod  or  plank  or  branch  of  a  tree,  with  a 
scale  attached  to  it,  might  thus  be  made  to  answer  the 
purpose  of  a  weighing-beam,  by  observing  minutely  how 
far  a  certain  substance,  attached  to  it,  bent  it,  and  then 
trying  what  weights  would  bend  it  as  much. 

At  page  175,  afier  line  A,th. 
It  is  true  also,  that  a  small  wheel  will  sink  to  the  bottom 
of  a  hole,  where  a  larger  one  would  rest  on  the  edges  as  a 
bridge.  It  is  not  true,  however,  according  to  the  popular 
prejudice,  that  the  large  hind-wheels  of  coaches  and 
■waggons  help  to  push  on  the  little  wheels  before  them : 
fore-wheels  are  made  smaller,  merely  to  facilitate  the 
turning  of  the  carriage. 

At  page  176,  line  \a(hjromhottom{*p.  178). 
When  wheels,  instead  of  standing  upright,  like  a  and  c 
shewn  here,  are  made  to  incline  outwards,  as  is  common, 
owing  to  the  ends  of  the  axle-tree  being  bent  down  a  little, 
to  give  a  security  against  the  accident  of  the  wheels  falling 
oS,  the  pull  to  the  horses  in  deep  or  sandy  roads  is  much 
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increased ;  for  an  inclining  wheel  naturally  describes  a 
curved  path,  as  is  seen  when  a  hoop  or  wheel-barrow  in-' 
dines;  and  the  horses,  in  drawing  straight  forward,  there^ 
fore,  have  to  overcome  this  deviating  tendency  in  all  the 
wheels.  This  source  of  resistance  is  still  more  remarkable 
when  the  inclined  wheels  have  broad  rims.  Such  wheels 
must  be  of  smaller  diameter  at  the  outer  than  at  the  inner 
edge,  as  the  end  of  a  cask  is  smaller  than  its  middle;  then^. 
as  the  iron  hoops  or  tires  which  cover  the  di£Perent  parts 
cannot  all  truly  measure  the  same  length  of  road  by  an 
equal  number  of  turns,  there  will  be  a  constant  nibbing 
or  grinding  forward  of  the  lesser  rings,  and  a  grinding 
backward  of  the  larger,  which  must  injure  the  road, 
rapidly  wear  the  iron,  and  exhaust  the  strength  of  the 
pulling  animals.  Such  wheels  rolling  free  would  describe 
a  circle,  as  is  seen  when  a  thimble  or  drinking  glass  or 
sugar-loaf  is  pushed  forward  on  any  plane  surface. 

At  page  17T,  after  "  rail^oad^^  line  16rt. 
and  the  conclusion  follows,  that  although  the  original 
expense  of  forming  the  level  line  might  considerably  ex- 
ceed that  of  making  an  ordinary  road,  still  in  situations  of 
great  traffic  the  di£Perence  would  soon  be  paid  for  by  the 
savings,  and  when  once  paid,  the  savings  would  be  as  pro- 
fit ever  after. 

At  page  183,  after  line  %th. 
In  the  moon,  where  the  weight  or  gravity  of  bodies  is 
less  than  on  earth,  on  account  of  her  smaller  size,  moun- 
tains might  be  many  times  higher  than  on  earth — and 
observation  proves  that  the  lunar  mountains  are  in  fact 
much  the  highest. 

At  page  217,  after  line  1th  from  bottom. 

Note  to  the  Second  Edition. 
A  distinguished  member  of  our  profession,  who  seems 
often  to  have  contemplated  the  hmnan  frame  under  the  aspect 
which  elevates  the  thoughts  towards  the  Creator,  has  lately  pub-* 
lished,  with  the  title  of  Animal  Mechanics^  and  as  a  part  of  the 
Library  of  Use/iil  Knowledge,  an  essay  on  the  perfection  of  design 


fifcftwrts  nfPkygifs,  or  Natural  PHhaap^         -xv 

manifested  in  the  animal  structure.  It  has  been  eulogized  in 
many  of  tlie  public  prints,  by  friends  of  the  diffusion  of  knoirledge, 
as  one  of  the  most  admirable  productions  of  modem  times ;  and 
in  consequence  has  already  been  demanded  by  the  public  to  the 
extraordinary  extent  of  about  thirty  thousand  copies.  On 
comparing  this  new  essay  with  the  present  section  of  tlie  Ele- 
ments of  Physics,  to  which  it  has  close  relation  in  title,  matter, 
and  arrangement,  it  will  be  found  to  have  substituted  for  the 
detail  of  certain  of  the  facts  adduced  here  as  striking  evidences 
of  creative  contrivance,  an  elaborate  exposition,  constituting 
nearly  half  its  substance,  of  what  its  author  has  deemed  instances 
oC  Btill  more  profound  design  than  had  hitherto  been  noticed, 
and  still  more  striking  examples,  therefore,  of  God's  wisdom 
and  power.  Had  these  instances  appeared  to  me  in  the  same 
light,  it  would  have  been  my  agreeable  task  to  have  incorpo' 
rated  them  with  the  matter  of  this  second  edition :  but  they  do 
not ;  yet  the  wide  diffusion  of  the  essay,  and  the  authority  with 
which  it  has  come  before  the  public,  make  it  imperative  on  me, 
as  a  faithful  teacher,  to  notice  them  here,  and  to  state  my 
opinion,  that  with  respect  to  every  one  of  them  the  author  has 
fallen  into  an  extraordinary  misapprehension  of  the  true  nature 
of  his  subject,  and  has  attributed  to  the  Creator  contrivance  or 
design  which  is  far  from  being  divine.  I  publish  my  remarks 
without  hesitation,  as  regards  either  the  author,  or  the  public- 
spirited  society  of  which  he  is  a  member,  assured  of  their  ap- 
proval, if  the  remarks  are  well-founded  :  but  I  feel  that  1  shall 
be  doing  a  kind  of  sacrilegious  violence  to  many  amiable  minds, 
by  undeceiving  them  as  to  what  they  have  deemed  so  excellent. 
The  feeling  with  which  the  essay  is  written  so  naturally  interests 
good  men,  and  the  whole  is  rendered  so  plausible  by  the  appear- 
ance which  runs  through  it  of  idtra-minute  acquaintance  with 
the  subject,  that  thousands  of  intelligent  persons  must  have 
yielded  up  their  judgment  to  the  persuasive  writer,  and  must 
have  studied  the  work  with  unmixed  delight.  These  are  not 
reasons,  however,  for  concealing  the  truth,  and  certainly  there 
is  no  need  to  twist  or  exaggerate  truth,  for  the  purpose  of  prov- 
ing from  the  structure  of  the  human  body,  the  wisdom  and 
benevolence  which  presided  at  the  creation, 

The  following  are  part  of  the  irrnrs  alluded  to.     One  at  least 
vitiates  each  chapter. 
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Chap.  Lr^On  the  Head. 

The  author,  sfler  stating  as  nsual  lliat  the  skull  has  the 
strength  and  advantages  of  the  arched  form,  but  not  aware 
apparently  that  there  are  kinds  of  ardies  so  distinct  from  each 
either,  as  to  have  even  direct  opposition  in  certain  respects  of 
proportion,  &c.,  hopes  to  prove  the  singular  perfection  of  desigil 
in  the  skull,  by  shewing  that  it  has  the  peculiarities  of  the 
architectural  arch,  or  that  of  bridges,  domes,  &c. ;  and  he  ex- 
presses wonder  that  men  should  have  been  so  long  in  learning 
to  build  domes,  when  every  individual  carried  in  his  head  a 
model  planned  by  the  unerring  Architect  I  Now  the  ardiitec- 
tural  arch  has  material,  form,  proportions,  &c.  calculated  to 
resist  the  force  of  gravity  only,  which  is  unceasing,  and  acting 
only  in  one  direction,  and  which  moreover  is  essential  to  the 
stability  of  the  arch,  for  if  this  come  to  incline  a  little  from  its 
natural  position,  or  be  shaken  by  an  earthquake,  it  is  instandy 
demolished.  On  the  other  hand,  there  is  the  arch  of  a  cask,  or  bar- 
rel, egg-shell,  or  cocoa-nut,  &c.,  in  which  the  tenacity  of  the  mate- 
rial is  many  times  greater  than  necessary  to  resist  the  influence  of 
gravity,  and  comes  in  aid  therefore  of  the  curve,  to  resist  forces 
of  other  kinds,  approaching  in  all  directions,  as  in  falls,  blows, 
unequal  pressure,  &c.  Now  the  skuD,  which  maybe  cidled  the 
oviform  shell  of  the  brain,  with  the  face  and  mouth  attached  to 
its  under  side,  is  truly  an  arch  of  the  latter  kind,  and  having 
very  much  oflener  to  bear  pressure  and  blows  coming  upon  it 
laterally,  than  from  above.  A  thimble,  bee-hive,  limpet-shell, 
&c.  are  much  nearer  approximations  to  the  dome  than  the  skull 
is,  because,  like  the  dome,  they  are  open  in  one  direction,  yet 
by  reason  of  their  smaller  size  and  the  tenacity  of  their  material, 
they  are  perfect,  without  the  peculiar  securities  of  the  dome. 
What  a  mistake  then  was  it  for  our  author  to  suppose  himself 
proving  the  perfection  of  the  skull,  by  trying  to  exhibit  in  it  pe- 
culiarities which,  had  they  really  existed,  would  have  been  just 
so  many  faults ! 

Chap.  II. — On  the  Spine. 

Our  author  holds,  that  an  important  analogy  exists  between 
the  spine  and  the  mast  of  a  ship.  Now  supposing  that  there 
had  been  some  useful  lesson  obtainable  by  comparing  the 
crooked,  pliant,  every  where  moveable  spine,  with  the  straight^ 


rigid,  singularly  steadied  mast,  it  will  perhaps  appear  that  he  was 
not  likely  to  draw  it  forth,  owing  to  his  imperfect  acquaintance 
with  naval  matters,  as  proved  bj  the  following  assumptions,  all 
of  which  are  errors,  and  jet  all  are  points  or  parts  of  his  argu- 
ment:— that  the  foremast  of  a  ship  being  very  upright,  and 
ffu  forward,  causes  the  vessel  to  tack  or  slai/  the  better — that 
the  main  and  mizen-masts  are  made  to  rake  or  incline  backwards, 
to  diminish  the  danger  to  them  from  the  forward  pitching 
of  the  ship — that  masts  are  sprung  or  broken  chiefly  by 
coming  into  contact  with  the  deck  when  the  rigging  is  too 
slack: — that  certain  boats  are  the  fittest  of  all  to  withstand 
storms,  because  they  are  without  decks,  and  therefore  cannot 
injure  their  masts  In  the  way  above  alluded  to.  Our  author 
must  have  been  singularly  deceived  in  some  way  with  respect 
to  these  matters,  as  he  may  learn  by  applying  to  any  intelligent 
seafaring  man. 

Chap.  III.— On  the  Chest. 

To  prove  a  hitherto  concealed  perfection  here,  he  asserts 
that  the  elasticity  bestowed  on  the  cartilages  of  the  ribs  is 
capable  of  maintaining  respiration,  and  thereby  life,  in  cases 
where  the  respiratory  muscles  have  become  too  weak  to  per- 
form their  office  aright — just  as  if  he  were  to  say,  that  a  spring 
applied  to  a  pump-handle  would  continue  to  lifl  water,  or  at 
least  would  help,  after  the  worker's  arms  were  tired. 
Chap.  W.— On  the  Limbs. 

Having  mentioned  the  admirable  fact,  first  pointed  out  by 
Borelli,  that  when  a  bird  sinks  down  into  the  sleeping  attitude 
on  the  branch  of  a  tree,  the  bending  of  the  limbs  so  lightens 
the  sinews  of  the  talons,  that  the  foot  grasps  the  branch  firmly 
without  the  attention  or  muscular  exertion  of  the  animal ;  he 
wonders  that  a  simitar  fact  in  the  human  body  should  have  been 
BO  long  overlooked,  viz.  that  when  a  standing  person  changes 
from  the  soldier's  attitude  oi  attention  to  that  of  stand  at  ease, 
the  bending  of  the  knee  and  sinking  of  the  pelvis  on  one  side, 
lifts  the  other  side  of  the  pelvis  so  as  to  tighten  a  ligament  or 
fascia  whicli  passes  from  it  to  the  knee-pan  below,  and  so  keeps 
the  leg  straight  without  the  fatigue  of  muscular  exertion.  Now 
this  is  altogether  an  error.  Tlie  true  reason  why  the  straight- 
ened leg  requires  no  muscular  support  is,  that  the  knee  falls  a 


KtdebeMid  the  general  line  •f  tHe  teg»  ndcaoscidie  atraiii 
«ooemei^MiithepoeteriorNgaiiieiilB<>flhejoiM.  Andproving 
llial  there  it  ne  tightened  tecim  m  assumed^  betireen  tile  p^ 
Vh  and  knee-pan^  the  latlerrenaine  quite  looge  and  ORyveaMe^- 
yea,  eren  \S  the  diittance  between:  the  pelvis  and  knee^pa»  h« 
MttiiirAer  inereaaed  hy  bendkig  Ae  loiee  white  sbndfog  en 
the  ether  otfier  leg. 

• 

\  Chap.  V.— On  ^A^  Qordage  or  Tendons^. 

•  In  the  attempt  ta  prore  the  tendona  to  be  OMiBtnioted  wkh 
consummate  sldUy  he  has-  accumid^ied  manj  enrdia*  Setting 
eut  fironi  the  known  fact  that  when  a  broken  repeia  spliced^  dttt 
ia  tet  saj^  has  its  ends  again  united  b^  being  nterweiFen  Wt& 
each  othev,  it  rarely  breaks  a  second  time  at  the  jonedon ;  but, 
net  adiperting  apparently  to  theciicmnstance  of  the  ropent  that 
part  being  double,  Ist,  he  assumes,  as  a  general  trntJl,  Itet 
plaited  ropes  are  strongei  than  twisted  ropes — contrary  to  the 
^t^  as  isr  known  to  every  rope-maker ;  for^  what  then  prevents 
tbeir  plaiting  all  their  ropes,  instead  of  twisting  thenk?  3d>  He 
next  assumes  that  the  fibres  of  the  tendons-  are  interwoiiren  or 
plaited,  because  thereby  stronger  :^ — the  &ct  beings  however, 
that  they  are  parallel  although,^  when  torn  asunder  laterally, 
a  remaining  adhesion  at  a  few  points  may-give  the  appearance 
of  crossing  fibres.  3d,  He  seems  net  to  have  been  aware 
that  a  rope,  whether  plaited  or  spliced,  will  bear  much  less 
weight  than  its  constituent  fibres  loaded  singly — the  reason 
being,  that  in  no  rope  can  the  tension  of  the  fibres  be  made  so 
equal  that  each  shall  bear  its  exact  share  of  iihe  load.  Plaiting 
and  twisting  therefore  are  defects,  and  are  forced  upon  men 
only  because  the  fibres  of  which  ropes  are  composed  are  shorter 
than  the  ropes^  and  must  be  made  to  cohere^  either  by  being 
l^iotted  together  or  by  the  lateral  friction  ef  plaiting  or  Cwistmg. 
The  chains  or  wires  of  a  suspension*^ridj^e,  which  readi  from 
end  to  end,  are  neither  plaited  nor  twisted  together,  which 
would  much  weaken  them,,  but  are  merely  secured  in  parallel 
contact,  as  the  fibres  of  long  animal  tendond  also  truly  are; 

The  trea^sev  which  we  have  been  oM^ed  t^us  to  criticise, 
we  believe  was  hastily  written,  and  that  the  plan  was  changed 
more  than  once  in  its  progress.  This*  wifl  account  fbr  its  being 
so  little  Kkc  tfee  valuable  other  works  from  the  same  source. 


*  Note  to  the  Third  Edkion  (•  p.  223). 

I  introdaced  the  foregoing  note  tcluctantly,  for  I  knew  ihe 
treatixe  exoioinef)  to  he  ttam  the  pen  of  Mr.  Charles  Bell,  ll 
wualii  have  given  me  mitcb  pleasure  to  have  liad  rather  to  apealc 
of  his  high  professional  merits,  or  of  some  acM  of  profesaiona) 
charily  which  at  my  request  he  had  perfotmed,  not  less  honour- 
ahiy  to  hiB  generosity  than  to  his  skill.  I  had  tried  to  atoid 
the  neceaeity,  first,  by  telling  hnn  of  the  errors,  with  a  view  to 
correction  in  subsequent  editions  of  his  work  ;  and  afterwards, 
(Then  during  his  absence  from  town  it  was  published  without 
alteration,  by  representing  the  matter  to  a  leading  member  of  the 
Society  for  the  D^aontif  Useful  Knotaledge.  This  gentleman 
deemed  it  necessary  for  me  to  publish  my  note.  From  the  re- 
semblance of  the  treatise  to  parts  of  my  work,  many  persona 
believed  it  to  be  mine,  and  it  was  bound  up  with  my  Totume.  I 
was  accordingly  blamed  for  the  errorsby  those  who  discovered 
them ;  or  believed  to  sanction  the  ojtinions  by  those  who  did  not ; 
and  by  some  who  knew  it  to  be  Mr.  Bell's,  and  believed  it 
faultless,  the  differences  between  it  and  mine  were  thought  de- 
fects  in  mine.  By  allowing  it  then  to  remain  uncorrected  and 
unnoticed,  1  should  have  allowed  error  extensively  to  prevail  on 
subjects  which  I  professed  to  explain,  and  I  should  probably 
have  narrowed  the  circulation  and  utility  of  my  own  work.  The 
errors  wooW  have  been  grave,  coming  from  a  professed  writer 
on  jJiysics,  while  they  were  comparatively  venial,  appearing 
OB  they  did ;  for  the  attentive  study  oi'  physics  had  not  yet 
been  insisted  upon  in  our  systems  of  professional  cduoation. 
Had  Mr.  Bell  spoken  to  me  on  tbe  sul^ect  while  Mriting  his 
essay,  my  fature  notice  of  it  would  probably  have  been  unne* 
cessary ;  and  the  opportunity  for  so  speaking  was  given,  as  « 
copy  of  my  work,  which  he  had  done  me  the  honour  In  accept, 
lay  upon  his  table,  and  at  some  of  my  visits,  had  been  the  sub- 
ject of  conversation  to  ua. 

Mr.  Bell  could  not  desire  to  mislead  the  public,  and  there- 
fore could  net  regret  that  any  published  error  of  his  sliould  be 
correcled.  Some  friend  of  his,  however,  has  taken  offence  at 
the  above  criticism,  as  appears  by  the  eighth  number  of  tlie 
"  Medical  Gazette  "  and  has  hoped  to  serve  Mr.  Bell,  not  by 
disproving  the  aHeged  errors,  for  be  does  not  even  touch  upon 
tbem,  mt  by  charging  the  author  of  the  "  Elemortj  ofPh;- 

b2 
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•ics,'*  with  «*  fgnorance,** — *«  utter  incapaci^/' — ^*«  being  a 
dangerous  guide,"  &c«  on  the  strength  of  what  he  sui^poses 
three  fiuilts»  discovered  by  him  in  other  parts  of  that  work.  Ab 
his  skill  in  physics,  however,  seems  not  to  have  enabled  him  to 
perceive  error  where  it  was,  the  &ct  cS  his  supposing  error 
where  it  was  not,  need  not  surprise.  Accordingly  the  three 
portions  of  the  work  deemed  erroneous  by  him,  ijiz.  the  illus- 
tiation  of  the  strength  of  the  scapula,  at  p.  205,  and  the  pro* 
posab  of  the  Dilator  and  Pneumatic  Tractor ^  in  the  last  sec- 
tion, are  such  as  I  should  be  pleased  to  have  accounted  even 
favourable  samples,  aud  tests  of  my  fitness  for  the  under- 
taking. I  am  happy  to  have  to  state,  that  the  suspicion  that 
Mr.  Bell  himself  was  the  author  of  the  attack,  is  quite  un- 
founded ;  for  he  wrote  to  me  on  the  subject,  sajdng,  '^  the  only 
thing  I  am  anxious  about  is  that  you  should  not  suppose  I  have 
authorized  the  counter-statements." 

The  same  defender  of  Mr.  Bell  explains  the  strong  resem<« 
blance  betwe^i  Mr.  B.'s  work  and  mine  (which  led  to  the 
charge  of  plagiarism  in  the  Lancet),  by  saying  that  I  had  taken 
the  whole  from  previous  works  of  Mr.  B.     This  is  nearly  as  if  a 
firiend  of  any  English  lexic(^rapher  should  charge  all  who  write 
English  with  copying  from  his  friend's  Dictionary ;  and  even 
if  they  had  used  some  other.    It  was  not  from  Mr.  BelFs  book  of 
Anatomy  that  I  had  studied  the  structure  oi  the  human  body ; 
and  in  the  present  instance  I  read  from  the  skeleton  alone.  There 
is  no  remark  in  the  few  pages  of  my  work  which  have  so  unex- 
pectedly to  me  become  thus  matter  of  discussion,  which  should 
not  occur  to  almost  any  person  versed  in  physics,  while  con- 
templating the  human  skeleton.     The  originality  of  my  essay 
was  in  the  selection,  condensation,   and  arrangement,  under 
the  title  (which  I  believe  was  new)    of  Animal  Mechanics^ 
of  some  of  the  most  obvious  anatomical  facts,   and  in  referring 
these  to  the  physical  laws  which  it  was  the  object  of  my  volume 
to  unfold.     Hiat  Mr.  Bell  soon  after  should  have  come  so  near 
me  in  these  respects,  I  consider  a  commendation  of  my  work, 
and  his  claiming  originality  for  his  own,  and  not  mentioning 
in  his  list  of  previous  writings  on  the  subject,  "mine,  which 
contained  the  substance  of  his,  except  the   errors,  may  have 
been  owing  to  the  hurry  with  which  his  was  printed,  •  or  to  his 
thinking  the  matter,  as  in  truth  it  is,  of  trifling  importance* 
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The  same  writer  further  charges  k  against  me,  that  my  re- 
flections on  the  spine  and  ita  diseases,  which  have  been  copied 
from  my  work  into  many  of  the  periodicals,  are  an  abstract,  un- 
acknowledged, of  the  late  Mr.  John  Shaw's  work  on  the  subject. 
I  should  be  pleased  to  think  that  in  my  four  paragraphs  on  spinal 
diseases,  I  had  so  happily  accomplished,  as  this  censure  would 
imply,  the  object  aimed  at  throughout  my  volume,  of  condensing 
useful  matter;  but  the  fact  is,  that  the  paragraphs  in  question 
are  very  nearly  the  substance  of  my  remarks  habitually  given  to 
patients  under  spine  disease,  before  Mr.  Shaw's  work  appeared. 
My  respect  for  Mr,  Bell  had  led  me,  from  hearing  it  reported 
by  others,  that  he  descanted  ingeniously  on  the  anatomy  of  the 
skull,  to  find  room,  where  few  names  appeared,  for  a  special 
commendation  of  his  labours ;  and  had  1  felt  myself  called  upon, 
I  should  not  have  been  behind  in  regard  to  Mr.  Shaw,  for  wliora, 
in  common  with  all  who  knew  him,  1  felt  much  regard.  Mr. 
Shaw  had  lent  me  the  skeleton  from  which  in  the  course  of 
Lectures,  of  which  the  present  volume  records  a  part,  1  gave 
my  demonstralioDS ;  and  which  lectures  he,  with  some  of  Mr. 
BelTs  and  his  pupils,  did  me  the  honour  to  attend. 

At  pa^e  237,  after  "on"  line  2d, 

on  the  same  extent  of 

At  page  249,  line  6th  from  bottom. 

There  are  some  lakes  on  the  face  of  the  earth  which 
have  no  outlet  towards  the  sea, — all  the  water  which  falls 
into  them,  being  again  carried  off  by  evaporation  alone — 
and  such  lakes  are  never  of  fresh  water,  because  every 
substance,  which,  from  the  beginning  of  time,  rain  could 
dissolve  in  the  regions  around  them,  has  necessarily  been 
carried  towards  them  by  their  feeding  streams,  and  there 
has  remained.  ITie  great  majority  of  lakes,  however, 
being  basins  constantly  running  over  at  one  part  towards 
the  sea,  although  all  originally  salt,  have  in  the  course  of 
time  become  fresh,  because  tlieir  only  supply,  being 
directly  from  the  clouds,  or  from  rivers  and  springs  fed 
by  the  clouds,  is  fresh,  while  what  runs  away  from  thera 
must  always  be  carrying  with  it  a  proportion  of  any  sub- 
stance that  remains  dissolved  in  them.     We  thus  see  how 
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the  feaa  of  the  earth  has  been  (p'dduaUy  "washed  to  a  state 
of  purity  and  freshness  fitting  it  for  the  uses  of  man,  and 
whj  the  great  ocean  necessarily  contains  in  solution  afl 
die  substances  that  originally  existed  near  the  surface  of 
the  earth,  which  water  could  dissolve : — viz^  all  the  saline 
substances*  The  city  of  Mexico  stands  jn  the  centre  of 
one  of  the  most  magpificent  pidns  qii  tjie  f9,jq^  pf  the 
earth,  7,000  feet  above  the  level  of  the  3e^  and  sur- 
irpunded  by  sublime  ridges  of  mountains,  many  of  them 
snow-capped.  One  side  of  the  plain  is  a  little  low^  than 
ihe  other,  and  forms  the  bed  of  a  lake^  which  is  fiaU  fo^ 
the  reiisaQS  stat^  above  i — ^but  the  lake  will  Pot  }ei)g  be 
aahf  for  it  now  has  an  outlet  About  160  years  ago  a& 
extraordinary  increase  of  the  lake  took  places  and  covered 
the  pavements  of  the  city ;  an  artificial  drdn  was  then  cut 
fr(Mn  the  plain  of  Mexico,  about  sixty  miles  from  the  efty, 
to  the  lowar  country  external  to  the  plain.  This  9o<»i 
freed  the  city  from  the  water;  but  becoming  every  year 
deeper  by  the  wearing  effects  of  the  since  uninterrupted 
stream,  it  is  still  lowering  the  surface  of  the  lake,  is  daily 
rendering  the  water  less  salt,  and  is  converting  the  vast 
salt  marshes  which  formerly  surrounded  the  city,  into 
fresh  and  fertile  fields. 

At  page  258,  after  "  spring,'*  line  9th. 

If  a  spring  be  as  low  as  the  bottom  of  the  porous  earth 
from  which  it  issues,  that  is  to  say,  as  low  as  the  surface 
of  the  impermeable  clay  Or  rock  on  which  the  earth  rests, 
it  may  drain  the  whole ;  but  if  not,  the  water  will  stand 
at  a  certain  level  among  the  earth  as  it  would  among  bul- 
lets in  a  pit. 

j4i  page  277,  after  line  *7th/rom  bottom. 

There  is  a  mode  of  catching  wild  ducks,  practised  in 
China,  which  requires  that  the  catcher  be  well  loaded  or 
ballasted.  Light  grain  being  first  strewed  upon  the  sur- 
&ce  of  the  water  to  tempt  them,  a  man  hides  himself  in 
the  midst  of  it,  under  what  appears  a  gourd  or  basket 
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drlfUag  with  the  stream,  and  when  the  flock  approaches 
and  surrounds  him,  lie  quickly  obtains  a  rich  booty  by 
snatching  the  creatures  down  one  by  one — making  them 
appear  as  if  they  were  diving,  and  then  securing  them 
below.  Each  bird  becomes  as  a  piece  of  cork  attached 
to  his  body. 

At  page  278,  for  last  5  Hnes  sttbstkute. 
A  floating  body,  to  be  stable  in  its  position,  must  either 
have  its  centre  of  gravity  below  the  centre  of  gravity  of 
the  fluid  which  it  displaces — called  the  centre  of  buot/awy, 
or  it  must  have  a  broad  bearing  on  tlie  water,  so  that  any 
inclination  may  cause  its  centre  of  gravity  to  ascend, 

Mpage2Si,  qfUr  "teason,"  line  \9th. 
Not  only  is  the  extreme  of  cold  below  thus  prevented, 
but  because  water  becomes  more  bulky  in  proportion  as 
its  temperature  falls  under  forty  degrees,  very  cold  water 
remains  floating  on  the  surface  of  a  wintry  ]ake»  as  cream 
floats  on  milk,  and  preserves  underneath  that  warmth 
which  is  agreeable  to  the  fishes,  just  as  very  hot  water  in 
summer  remains  uppermost,  preserving  underneath  an 
agreeable  coolness. 

At  page  286,  after  "nature,"  Uiie  2dJrotn  boilom. 

The  atmosphere  is  about  fifty  miles  high  or  deep,  and 

therefore,  in  relation  to  the  bulk  of  the  earth,  is  as  a 

covering  of  one-tenth  of  an  inch  in  thickn^s  to  a  common 

library  globe  of  a  foot  in  diameter. 

At  page  296,  ajier  line  2d. 

A  table-lamp  thus,  by  the  pressure  of  condensed  air, 

may  be  supplied  with  oil  from  a  reservoir  far  below  the 

wick :  and  lately  an  enema-syringe,  and  a  shower-bath 

have  been  constructed  on  the  same  principle. 
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At  page  303,  qfter  line  Bih. 

This  fountain  may  have  its  parts  concealed 
under  a  variety  of  graceful  forms,  as  that 
here  represented;  and  then  it  becomes  a 
beautiful  ornament  among  flowers  in  a  sum- 
mer drawing-room. 

It  may  be  made  to  play  for  an  hour  or 
more,  and  will  always  recommence  on  the 
water  being  shifted  from  the  low  to  the  high 
reservoir. 


Jtpage  320,  after  <<  rekOioth''  One  l&th  {*p.  331). 

This  truth  is  well  exemplified  in  what  inay  be  called 
the  syphon-paradox^  an  exact  counterpart  of  the  paradox 
of  the  "  Hydrostatic  Bellows,"  already  explained.  The 
syphon-paradox  may  be  exhibited  by  reversing  the  appa- 
ratus of  the  bellows.  If  tliis  apparatus  be  filled  with 
water  in  the  ordinary  way  (see  page  232 ),  and  be  then 
turned  so  that  the  tube  becomes  like  the  long  leg  of  a 
syphon,  the  little  stream  of  water  issuing  from  it  at  a  will 
lift  as  great  a  weight  suspended  from  the  board  d^  as  the 
same  slender  column  in  the  standing  position  can  lift  upon 
the  board.  Farther  illustrative  of  the  atmospherical  pres^ 
sure  exerted  in  producing  this  effect  and  in  rendering  a 
syphon  active,  we  may  advert  to  the  striking  fact,  that  a 
long  small  tube  of  water  screwed  into  the  side  or  bottom 
of  a  close  cask  of  water  so  as  to  communicate  with  it,  and 
then  allowed  to  discharge  like  the  long  leg  of  a  syphon, 
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will  cause  the  cask  to  be  burst  inwards,  just  as  the  same 
tube  screwed  into  the  top  of  the  cask,  as  represented  at 
page  231,  would  cause  the  cask  to  be  burst  outwards. 

At  page  332,  ajier  line  \Bth  (*p.  343). 
A  barometer  is  of  great  use  to  persons  employed  about 
those  mines  in  which  hydrogen  gas,  or  jire-^amp,  is  gene- 
rated and  exists  in  the  crevices.  When  the  atmosphere 
becomes  unusually  hght,  the  hydrogen  being  relieved  from 
a  part  of  the  pressure  which  ordinarily  confines  it  to  its 
holes  and  lurking-places,  expands  or  issues  forth  to  where 
it  often  meets  the  lamp  of  the  miner,  and  explodes  to  his 
destruction.  In  heavy  states  of  the  atmosphere,  on  the 
contrary,  it  is  pressed  back  to  its  hiding  places,  and  the 
miner  advances  with  safety. 

At  page  336,  after  "recover"  line  1(WA. 
In  the  elevated  plains  of  South  America,  the  inhabi- 
tants have  larger  chests  than  the  inhabitants  of  lower 
regions — exhibiting  another  admirable  instance  of  the 
animal  frame  adapting  itself  to  the  circumstances  tu  which 
it  is  placed. 

AtpageZ^Q,  after  *'(hat,"  line  lOtA. 
highr-pressure  steam,  is  merely  condensed  steam,   as  high- 
pressure  air  is  condensed  air,  in  other  words, 

Atpage  357,  after  "alone,"  line  Ith  (*p.  360.) 
—the  same  steam  thus  doing  double  work  or  more.  All 
the  advantages  of  the  two  cylinders,  however,  are  obtain- 
able from  the  single  cylinder  as  now  used  in  most  of  the 
Cornish  mines.  Steam  of  about  401bs.  pressure  on  the 
inch  is  admitted  to  the  cylinder,  until  the  piston  is  driven 
one-third  of  its  way,  and  llie  valve  being  then  shut,  the 
same  steam  is  left  to  finish  the  stroke  by  its  expansion 
alone.  The  pressure  of  the  expanding  steam  gradually 
diminishes,  it  is  true,  in  proportion  as  the  volume  in- 
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craaaes;  but  in  pumpiog  water  there  is  a  great  aaving  of 
time)  firom  having  the  power  more  intense  at  the  beginning 
of  the  stroke^  when  this  vast  mass  of  water  and  machinery! 
has  first  to  be  put  into  motion. 

At  page  212^  qfier  UneBtL 

bnt  Mr.  Daniel  (see  his  excellent  work,  entitled  Me* 
Mmdogical  Essays)  has  lately  given  to  the  philosopbical 
world  a  correct  and  simple  instrument  for  the  purpose.  It 
dependa  on  the  principle  explained  above,  that  whenever 
a  body  in  tibe  atmosphere  has  a  temperature  bdow  that 
at  whidi  the  quantity  of  wateiy  vapour  in  the  air  eroimd 
can  be  maintained  in  the  aeriform  or  invisible  state,  dew 
forms  on  the  body.  By  cooling  a  bulb  of  glass  until  mci^ 
ture  b^ns  visibly  to  settle  upon  it,  and  then  noting  the 
temperature  on  an  enclosed  thermometer,  the  proportion 
of  water  mixed  with  the  air  is  discovered. 

Jt  page  378,  qfter  ^' abandoned^''  line  2Mk. 

A  balloon  has  once  been  thought  of  as  a  means  by 
which  travellers  mi^ht  obtain  information,  while  pene- 
trating into  unknown  countries,  like  the  almost  intermi- 
nable plains  of  Australasia. 

At  page  382,  after  line  l^th. 

A  piece  of  burning  paper  thrown  upon  the  top  of  a 
half-extinguished  fire,  often  makes  it  blaze  afresh,  by 
causing  a  more  rapid  current  of  air  to  pass  throught  it 
from  below. 

At  page  394,  qfter  line  23d. 

The  reason  why  the  trade- winds  at  their  external  con- 
fines, which  are  about  30°  from  the  sun's  place,  appear 
almost  direct  east  and  become  more  nearly  north  and  south 
as  they  approach  the  central  Une,  is,  that  at  the  confine 
they  are  like  fluid  coming  from  tlie  axis  of  a  turning  wheel, 
which  has  approached  the  circumference,  but  has  not  yet 
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acquired  the  velocity  of  the  circumference ;  while,  nearer 
the  line,  they  are  tike  the  fluid  afier  it  has  tor  a  consider- 
able time  been  turning  on  the  circum  Terence,  and  has  ac- 
quired its  rotary  motion,  appearing  at  rest  as  regards  that 
tnotioD,  but  still  leaving  sensible  any  motion  in  a  cross 
direction. 

While,  in  the  lower  regions  of  the  atmosphere,  air  is 
constantly  flowing  towards  the  equator  and  forming  the 
steady  trade-winds  between  tlie  tropics,  in  the  upper  re- 
gions there  must  of  course  be  a  counter- current  distribut- 
ing ibe  heated  air  again  over  the  globe.  Accordingly, 
since  reasoning  led  men  to  expect  tliis,  many  striking 
proofs  have  been  noted.  At  the  summit  of  the  Peak  of 
Teneriffe,  observations  now  prove  that  there  is  always  a 
strong  wind  blowing  in  a  direction  contrary  to  that  of  the 
trade  wind  on  the  face  of  the  ocean  below.  Again,  the 
trade-winds  among  the  West-India  Islands  are  constant, 
yet  volcanic  dust  thrown  aloft  from  the  Island  of  St.  Vin- 
cent, in  the  year  181S,  was  found,  to  the  astonishment  of 
the  inhabitants  of  Barbadoes,  hovering  over  tliem  In  thick 
clouds,  and  falling,  after  coming  more  than  100  miles 
directly  against  the  Btrong  trade-wind,  which  sliips  must 
take  a  circuitous  course  to  avoid.  Persons  sailing  from 
the  Cape  of  Good  Hope  to  St.  Helena,  often  find  the  sun 
hidden  for  days  together  by  a  stratum  of  dense  clouds 
passing  southward  high  in  the  atmosphere;  which  clouds 
consist  of  the  moisture  raised  near  the  equator  with  the 
heated  air,  and  becoming  condensed  again  as  It  approaches 
the  colder  regions  of  the  south. 

jit  pagt  39S,  after  *'  wind, "  line  tth. 
In  many  situations  beyond  the  tropics  the  westerly 
winds,  which  are  merely  the  upper  equatorial  currents  of 
lur  falling  down,  are  almost  as  regular  as  the  easterly 
winds  within  the  tropics,  and  might  also  be  called  iradc- 
winds : — witness  the  usual  shortness  of  the  voyages  from 
New  York  to  Liverpool,  and  the  length  of  those  made  in 
the  contrary  direction. 
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At  page  4/^  €^  ^  U,*'  Knel2ih/irom  bottom. 

and  when  only  twice  as  much  water  is  forced  out,  there 
is  still  four  times  as  much  work  don^  because  each  par- 
ticle issues  with  twice  the  force  or  velocity. 

At  page  406,  ttfter  line  13/A. 

It  is  said  that  boats  having  to  reach  the  shore  through 
a  rag^gsurf,  have  been  preserved  by  the  crews  first  spilling 
a  cask  of  oil  in  the  offing. 

At  page  415,  qfter  tine  Sd  from  bottom  (*  p.  432). 

Thus,  even  if  the  resistance  at  the  bow  of  a  vessel  were 
all  that  had  to  be  considered,  the  force  of  one  hundred 
horses  would  only  drag  the  vessel  ten  times  as  fast  as  the 
ibrce  of  one  horse.  But  there  is  another  important  ele- 
ment in  the  calculation,  viz.  the  lessening  of  the  usual 
Water-pressure  on  the  stern  of  the  vessel  as  she  moves 
forward,  on  account  of  which,  the  force  required  to  pro- 
duce an  increased  velocity  is  still  considerably  greater 
than  as  noted  in  the  table. 

At  page  421,  (ifter  tine  Sthjrom  bottom. 

The  explanation  is,  that  a  flat  or  plane  surface  throws 
tlic  particles  of  fluid  almost  directly  outwards  from  its 
centre  to  its  circumference — the  convex  or  wedge-like 
surface  again,  while  displacing  them  just  as  far,  still  does 
it  more  slowly,"' .and  therefore  with  less  expenditure  of 
force,  in  proportion  as  its  point  is  in  advance  of  its  shoul- 
der or  broadest  part — and  a  concave  surface  must  give  to 
some  of  the  particles  a  forward  as  well  as  a  lateral  motion. 
The  shape  of  the  hinder  part  of  a  solid  moving  through  a 
fluid  is  of  importance  for  corresponding  reasons. 

At  page  429,  after  line  bthfrom  bottom. 

The  reason  why  a  ship  generally  sails  faster  with  the 
wind  from  one  side,  than  when  it  is  from  directiy  astern, 
is,  that  in  the  former  case  all  the  sails  are  acting,  although 
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individually  not  to  the  best  advantage,  while  in  the  latter, 
the  Bails  in  front  are  becalmed  by  those  behind  them.  A 
ship  with  a  side-wind  may  move  faster  than  the  wind, 
as  is  often  true  of  the  outer  extremities  of  a  windmill's 


At  page  ISS,  qfter  line  Sth/rom  bottom.. 
An  exhibition  has  lately  been  made  (October  1827)  of 
a  car  drawn  along  the  highways  by  kites.  That  they  might 
ascend  to  a  great  elevation,  where  the  wind  is  generally 
stronger  than  below,  they  were  attached  to  each  other  in 
a  row,  so  tliat  the  second  kite  mounted  as  if  its  cord  were 
held  by  a  hand  at  the  first,  the  third  as  if  rising  from  the 
second,  and  so  forth.  The  projector  of  this  novelty  hoped 
that  he  had  pointed  out  a  most  valuable  means  of  tra- 
velling across  extensive  plains,  sandy  deserts,  tracts  of 
snow,  &c.,  and,  in  all  cases,  nearly  with  the  speed  of  ■ 
the  wind. 

At  page  468,  q/ier  line  Qthjrom  bottom. 
A  superstitious  man  sleeping  in  the  upper  story  of  a 
lofty  house,  had  long  heard,  during  the  stillness  of  night, 
a  singulai-  beating  noise  near  the  head  of  his  bed.  There 
was  nothing  going  on  near  him,  or  indeed  in  the  whole 
house,  to  account  for  it,  and  he  at  last  deemed  it  supei^ 
natural.  Accident,  however,  discovered  that  in  a  cellar 
at  the  bottom  and  outside  of  the  wall  against  which  his 
bed  stood,  there  was  a  wooden  clock  hanging,  of  which  the 
sound  became  audible  aloft. 

At  page  477,  qfter  line  iUh. 
The  wide-spread  sail  of  a  ship,  rendered  concave  by  a 
gentle  breeze,  is  also  a  good  collector  of  sound.  It  hap- 
pened once  on  board  a  ship  sailing  along  the  coast  of 
Brazil,  100  miles  from  land,  that  the  persons  walking  on 
deck,  when  passing  a  particular  spot,  always  heard  very 
distinctly  the  sound  of  bells,  varying  as  in  human  re- 
joicings.   All  on  board  came  to  Ibten,  and  were  convinced, 


but  the  pbcnomcnoD  wav  myitef  ions  and  inexpIicaUc. 
Montbs  afterwards  it  was  aMxrtained^  tkat  at  the  time 
of  obserradon  the  beUa  of  the  citjr  of  St.  Salvador,  on 
the  Brazilian  eoasty  had  been  ringing  on  the  occasion  of 
a  festival— their  sound,  therefore,  favoured  by  a  gentle 
wind,  had  travelled  over  100  miles  of  smooth  water,  and 
had  been  brought  to  a  focus  by  the  sail  in  the  particular 
situation  on  the  deck  where  it  was  listened  to« 

At  page  550,  qflar  ^^requirtdi^  line  IsL 

It  is  most  important  to  remark  here,  that  if  air  be 
injected  into  the  lungs,  eithef  in  too  Idrge  quantiQr  or 
very  suddenly,  instead  of  recalling  or  sustaining  life,  it  it 
as  certain  a  means  of  killing  as  a  dagger  driven  through 
the  heart.  This  truth  has  been  but  lately  known,  and 
ignorance  of  it  has  probaUy  decided  the  fiite  of  matqr  per- 
sons^ treated  with  a  view  to  recovery  after  submei^sioii. 
The  operator  should  reflect  that  he  is  dilating  the  delicate 
air-cells  of  the  lungs  with  the  force  of  an  hydraulic  press ; 
and  that  if  he  do  so  very  suddenly,  although  little,  he  still 
may  rupture  many  small  blood<*>vessels,  before  they  ean 
empty  tibemselves  so  as  to  yield.  In  a  bellows  for  the 
purpose  of  artificial  respiration,  there  should  be  the  means 
of  checking  its  opening  to  suit  the  capacity  of  the  patient's 
chest,  and  there  should  be  a  cock  in  the  pipe  or  nozzle, 
to  regulate  tlie  speed  of  the  passing  air. 

At  page  565,  after  line  lOth/rom  bottom  (*/?.  589). 

Should  stuttering  ever  arise  from  the  attempt  being 
made  to  speak  while  drawing  air  into  the  chest  (which 
I  much  doubt),  it  may  then  be  avoided  by  filling  the  chest 
well  before  beginning  to  speak. 
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